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CHAPTER 1 - INTRODUCTION 



Amdahl 580 LSI represents the state of the art in high speed, bipolar 
LSI logic. The propagation delay may be as small as 350 ps per gate. 
Design rules are required to fully utilize the very high performance 
of 580 LSI circuit chips and at the same time achieve reliable opera- 
tion. 



1.1 IMPEDANCE MATCHING 



As a result of 
Swi t ch Emi t ter 
90 ohm matched 
chip. The terminating 
ohms, returned to -2.0 



fast rise and fall times (less than 1 ns ) , the Current 
Follower (CSEF) circuit family is designed to drive a 
impedance system whenever communication is done off- 
resistor is a hybrid integrated R-pack of 90 
vol ts . 



1.2 TESTABILITY 



Another important consideration for an 
Some logic design standardizations and 
enhance testability. 



LSI system is testability, 
restrictions are necessary 



to 



LSI Circuit Manual 



1-1 



AMDAHL COMPANY PRIVATE 



i 



AMDAHL COMPANY PRIVATE 



CHAPTER 2 - OFF -CHIP WIRING RULES 



2.1 DEFINITIONS 

Table 2-1 lists the definitions and rules that apply to off-chip ter- 
minated nets. Figure 2-1 is a typical off-chip wiring net illustra- 
tion. 

Table 2-1. Off-Chip Wiring Definitions 



TERMS 


DEFINITIONS 


Network 

v in e t / 


Refers to the wire which connects a group of 
Qriving circuits ana ioau circuits tnat are 
electrically connected together to perform some 
logic function. 


Main Line (LM) 


The longest distance in the net measured from a 
driver circuit output to a terminator. 


oiUD v ) 


wnen ariving more tnan one ioau, snort lines 
may be needed to connect loads on a card to the 
main line. These lines are called Load Stubs 
( LS ) A stuh starts at the main 1 ine and ends 
at the furthest load on the stub. 


Loading Units 
(LU) 


A term used to represent the capacitive loading 
effect of the circuit and packages. One loading 
unit (LU) is defined to be the capacitance of one 
Low Power Transistor Base and is equivalent to 
0.1 pF. 


Base 


The base of a transistor which is the input of an 
ECL gate. A low power base is defined to be 
1 LU, and a high power base is 2 LU. 


Chip Carrier 
Cross ing 


Signals are transmitted from an LSI chip to an 
MCC through the chip carrier. Each chip carrier 
crossing consists of the following: LSI chip 
bonding pad, chip-to-chip carrier bonding wire, 
chip carrier lead frame, and one or two via 
hole(s) which interconnect to a multilayer MCC. 


Via 


A Plated Through Hole (PTH) used to interconnect 
layers on a MCC or sidepanel (SP) . 



( cont inued ) 
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Table 2-1. 



Off-Chip Wiring Definitions and Rules (continued) 



TERMS 


DEFINITIONS AND RULES 


Connector 
Cross ing 


The signal path through a connector (MCC and/or 
Sidepanel Connector) which includes fixed traces 
and vias associated with that crossing. 


Resistor Pack 


MCC Module containing twenty-four terminating 
resistors. 


JX-cUYl iVIO U U 1 e 


nyur lu nanaoni access ivieniory mouui e containing 
four ( OLSO ) memory chips interconnected to obtain 
various module organizations. 


Lead Extension 
or 

Lead Frame 


I/O signals pass through the lead extension. 
R-nac k and RAM module are attached to the MCC bv 
the lead extension. 


Cr i t i cal 
Net 


A net which does not violate the- design rules 
established in the Circuit Manual and whose per- 
formance can be predicted by the Delay Equation. 


Non-Critical 
Net 


A net whose performance is not essential to 
system performance. Design rules have been 
loosened and the delay prediction accuracy is 
not guaranteed. 



Circuit 



• MAIN LINE 

<4ii 



Chip I/O 



) 



STUB 
<4> 



STUB 

<4> 



Load 
Circuit 



R T » 90 ohms 
V T - -2.0 Volts 



Load 

Circuit 



- TERMINATED NET 



A02525 



Figure 2-1. A Typical Off-Chip Wiring Net 
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2.2 GENERAL WIRING RULES 



As a result of fast rise and fall times of the 580 LSI, all off-chip 
wiring should be treated as a transmission line of definite character- 
istic impedance. All loads, stubs and characteristic impedance mis- 
matches slow down the propagation of signals and/or generate noise. - ! 
Noise can also be generated by crosstalk between electrically coupled 
lines. The following rules are established to fully utilize the 580 
LSI capabilities and maintain ac and dc noise margins. 



2.2.1 Wiring Principle 

Although a limited length stub is allowed, in most cases it is desira-^ 
ble to route all external nets as a single non-branch, non-loop trace 
from driving gate to terminator. If stubs are used, the metal of the 
stub trace is a capacitive load in addition to the existing load on 
that stub. Refer to paragraph 5.8.2 . 



2.2.2 Termination 

General external nets should have one termination resistor. Depending 
on the net, bi-directional transmission nets should have one or two 
termination resistors at each end. Short wiring between the last load, 
or last stub on the main line and termination resistor is preferred. 
For clock nets, the wiring (from last load to terminator) should be 
printed wire and follow the clock distribution rules in paragraph 
2.8. 



2.2.3 Loop 

Any single net may not contain and may not constitute a closed loop. 



2.2.4 Wiring Resistance 

Total dc wiring resistance from any driving circuit in a net to the 
last load or last stub on main line is limited to the values of table 
6-2. Total dc wiring resistance is obtained as follows: 



Rdc = RjLj +XR ( 



con 



where : 




: is the dc resistance per unit length for each wiring 
material 



L[ : wiring length in corresponding wiring material 
R : dc resistance of connector ( s ) in path 
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Th i s 



rule is riot applicable to tie down nets. 

Table 2-2. Wiring Resistance Limitations 



MACRO 


UUlFul 


iJNlKA MLL 


INTER MCC 


INTER bTACK 


Normal 
Macro 


NOR 


5 ohms 






AD 
UK 


4 ohms 






Macro 4o 
(MD) 


NOR 
b ingle bate 


5 ohms 


5 ohms 


— — 


NUK 
Int. Gate* 


5 ohms 


5 ohms 


4.o ohms 


OR 


5 ohms 


5 ohms 


4 ohms 


OR 
Driving 
Memory 


1 . 2 ohms 






Macro 42 
(BD) 


OR 


4 ohms 


4 ohms 


4 ohms 


RAM 




5 ohms 


5 ohms 




*A gate whose inputs are driven from a source on that same chip. 



2.2.5 Wiring Materials 

Table 2-3 lists the resistance of wiring materials for external nets. 
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Table 2-3. Wiring Materials Resistance Cross Reference 



WIRE MATERIAL 



RESISTANCE 



MCC Printed Wire 



0.20 ohms/inch 



SP Printed Wire 



0.14 ohms/ inch 



Single/Twin Lead Wire 



0.10 ohms/ inch 



Coaxial Cable 



0.014 ohms/inch 



MCC <— > SP Connector 



0.025 ohms 



SP < — > Cable Connector 



0.045 ohms 



2.2.6 Unused Inputs 

Unused inputs should be tied down to -2V through a termination resi- 
stor. Up to fifty unused inputs may be connected to the same termina- 
tor. This tie down net should be 10 inches or less in total length. 
Refer to paragraph 4.5 for unused RAM inputs. 



2.3 WIRING RULES FOR SINGLE 90 OHM TERMINATED NETS 

The designer is reminded that the fastest nets are short and lightly 
loaded.. In order to meet the loading per unit length requi r ement s , i t 
is recommended to reduce loading by dividing the net into two or more 
nets rather than lengthening one net. 



2.3.1 High Performance Terminated (Short /Light ly Loaded) Nets 

The following two rules will produce the highest possible performance 
nets. 

1. If the total length of the net is less than three inches and 
the loading is less than 120 LU, there are no placement rules. 

2. If the total loading units on the net are less than or equal to 
80 LU, there are no placement restrictions. Length restric- 
tions must meet minimal DC resistance requirements of paragraph 



2.2.4. 
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2.3.2 General Terminated Net Wiring Rules 

Use with most general nets except Clocks and Speed Critical nets. 

1. Distributed loading should average < 14 LU per inch of line to 
insure maximum propagation speed ancT to minimize waveform dis- 
tortion. 

2. Designers are encouraged to avoid large lumped loading (> 60 
LU) and to place any lumped loading at the end of a net not 
further than one inch from a terminator. Uniform distribution 
of loads will preserve waveform integrity. 

3. All stub lengths must be less than or equal to one inch. 

4. Maximum stub loading (including trace loading) is 60 LU. 

5. The absolute maximum loading on any three-inch net segment is 
120 LU. 



2.3.3 Critical Net Fanout 

The maximum fanout of normal LSI external emiter followers is a func- 
tion of the line resistance. Figure 2-2 shows this relationship. 



20 




Maximum 



Fan-Out 



10 



(Inputs) 
(Bases) 



0 



0 



1 



2 



3 



4 



5 



Line Resistance (Ohms) 



A02526 



Figure 2-2. Maximum Fanout 
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2.3.4 Termination Resistor 

Normal nets, including RAM, are terminated with a 90 ohm terminator at 
the end of the net farthest from the driver. 



2.3.5 Multiple Base Inputs 

The following macros contain multiple bases at one or more input . 
ports. Both inputs of macros 42 and 43 are two base inputs for fanout 
purposes . 

Macro 2399, input port 15, must be counted as two inputs. Macros 3199 
and 3399 contain two base inputs at ports 8 and 9. Macro 3299 con- 
tains two base inputs at ports 4 and 5. 



2.3.6 Input Biasing 

The state of an open input cannot be guaranteed. It is the designer's 
responsibility to ensure that unused inputs are biased properly. 

# Tie Up ( "Vtii" Input): Use the 0out of the gate whose inputs are 
all forced To "Vol". DO NOT GROUND ANY INPUTS. 

# Tie Down ( "Vql" Input): Normal terminator (90 ohms to -2V) . 



2.3.7 Driver Choice 

# Intra MCC 

General - No restrictions 

Driving Memor i es-RAMs must be driven 
Drivers. Refer to Chapter 4, Random 
Rules . 

# Inter MCC 

Use MACRO 42 or MACRO 43. 

# Inter Stack 

Use MACRO 42 or MACRO 43 (OR Output) 



2.3.8 Driver Location 

When driving off an MCC to another MCC, another stack or to the non- 
stack units, the driver must be placed as follows: 

# When using Macro 42 (BD) , the driver must be placed within three 
columns of the MCC connector. 



by OR output of Memory 
Access Memory Wiring 
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• When using Macro 43 (MD) , there are no placement restrictions 
between MCCs in the same stack. If the driver is between 
stacks, the driver must be placed within three columns of an MCC 
connector . 



2.3.9 Driving Off Stack 

When driving from an LSI chip off stack (to non-LSI or to another 
stack) , the designer must continue to follow the wiring rules con- 
tained in this manual. 



2.3.10 Basic Logic Cards with LSI 

The Interface Handler and Direct Control BLC use LSI devices. For 
this reason, MCC wiring rules are to be used. 



2.4 DOTTED EMITTER FOLLOWER WIRING RULES 

Dot-OR noise results when one or more emitter followers switch state 
when they are dotted together to perform the OR function. Refer to 
Tadd in paragraph 5.3.8 for on-chip effects. 



2.4.1 Current Changing Rate 

Dot-OR noise depends upon the current change on the transmission line 
caused by switching emitter followers and the length of the line 
between emitter followers. In order to calculate the maximum distance 
between dots, the current changing rate is defined below and in figure 
2-3. 

AIEF = Nsw 
TEF TIT 

wh e r e : 

AIEF « Net current change on the line caused by emitter follow- 
ers switching at the same time. 

IEF = Net current on the line just before the switching occurs. 

Nsw = The number o f emi 1 1 e r foil owe r s swi t ch i ng f r om "Voh" 
state to "Vql" state within ±1 ns . 

Nl = The number of emitter followers in the "Vqh" state just 
before switching occurs. 
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In the case that EF A is of interest, 
1; 



AIEFA 
IEF 



is always counted as 



I f tg^ > 2 ns , then 



AIEFB 
IEF 



If 1 ns < tgA < 2 ns , then 

AIEFB 



I f ^BA < 1 ns , then 
I f tj^Q > 0 ns , then 



IEF 
AIEFC 
IEF 



is counted as 1; 
AIEFB 



is counted as 0.5; 



IEF 

is counted as 0; 
is counted as 1. 







VTTX . 


EF A (Concerned EF) ^ 




1 — A / — 








— rs) — 






/ 















EF C 


l AC 


N 
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Figure 2-3. Definitions of tg^ and tgQ 



2.4.2 Maximum Distance Between Dots 

Maximum distance between dot-ORs (Ldot) is the maximum allowable 
length of trace between the two emitter followers which are furthest 
apart as illustrated and defined in figures 2-4 and 2-5 and table 2-4 
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0.63 - 
0.31 - 



A »EF 




REGION I 
Asynchronous Only 



0.5 



Figure 2-4. Maximum Distance Between Dots for Same Chip Outputs 



0.95 - 



0.63 - 



u dot 

(in.) 



0.25 




REGION I 
Asynchronous Only 



& 'ef 



•ef 
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Figure 2-5. Maximum Distance Between Dots for Different Chip Outputs 
Table 2-4 lists the EF Dotting restrictions. 
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Table 2-4. EF Dotting Restrictions 



MACRO 


OUTPUT 


INTRA MCC 


INTER MCC 


INTER STACK 


Normal 

y% -M f\ 

ivia c r o 


NOR 

(Single Gate) 


2 


— 


— 


NOR 
vint. ua te j 


8 


— 


— 


OR 


8 


— 


— 


Macro 43 
(MD) 


NOR 

(Single Gate) 








NOR 
(Int. Gate)* 


2(4EF) 


2(4EF) 




OR 


4(8EF) 


4(8EF) 


4(8EF) 


Macro 42 
(BD) 


OR 


8(16EF) 


4(8EF) 


2(4EF) 


*A gate whose inputs are driven from sources on the same chip. 


NOTE: 1. Non-critical net can contain up to sixteen dotted EFs . 

2. When dotting to macros with outputs dotted within the 
macro, the total number of EFs must be counted in 
determining EF-dot limitations. 

3. Internal EFs cannot be dotted to external EFs. 

4. 2 (4EF) means two macro 42s may be dotted to make a dot 
of 4 Emitter followers. 



2.4.3 Maximum Distant Between Dots for Different Chip Outputs 

Both Region I and Region II are allowed. For Region II, however, there 
are some cases that produce DOT-OR noise as shown in figure 2-6 This 
noise can cause faulty operation of the asynchronous circuits. There- 
fore, only Region I is allowed for asynchronous circuits. The outer 
area of Region I and Region II is allowed only in special cases. In 
this case, we have to allow for the extra delay which corresponds to 
the DOT-OR noise pulse width when we cal culate of f-chip delay. 

The delay is defined by: 

Case 1: 2x (ns) when receiver is outside Ldot. 



Case 2: 5 x tj^^ (ns) when receiver is inside Ldot. 
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where 



*Ldot = wiring delay which corresponds to the line length 
between those two emitter followers which are the 
f ur thes t apart . 



1 — v-©* 





"V 



3^ 



Chip I/O 



Chip I/O 




Asynchronous Sat 



Tarm 



90 Ohms 
to -2.0 
Volts 
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Figure 2-6. Typical Dot -OB Circuit for Calculation 
2.5 NON-CRITICAL INTERCONNECTION 

There are no restrictions on stub line lengths, total number of load- 
ing units in a net, and loading density in non-critical interconnec- 
tions. Only two conditions 1) a maximum of fifty loads, and 2) line 
resistance of < 8 ohms should be satisfied. Consequently, this inter- 
connection is not suitable for sections where delay time is of impor- 
tance. 

2,5.1 Non-Critical Net Types 

There are two types of non-critical nets. They are distinguished by 
the stub lengths. Type 1 net has stubs < 1.18 inches, while Type 2 
net has stubs > 1.18 inches. 
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2.5.2 Short Stub (Type 1) Non-Critical Net Delay Calculation 



Using figure 2-7 and the following equation, we can calculate the 
delays. 

T p( j m j n = delay time that is calculated by the normal delay 
equation 

T 

Tpdmax = ' pdmin + 2 x (delay time from the output of A to 
the input of C) 

where : 



pd min 

n 

pd max 



r pd min and T pd max 



is the delay time for B to receive the first signal,. 

is the delay time for the noise at the input of B 
to sett le . 

do not include the process variation of LSI delay (±30%), 




2 < 1.18 in. 



Output 
of A 



Input 
at B 



e< 1.18 in. — 




pdMAX 
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Figure 2-7. Type 1 Delay Equation 
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2.5.3 Long Stub (Type 2) Non-Critical Net Delay Calculation 

Using figure 2-8 and the following equation, you can calculate the 
delays . 

^pdmin = delay time that is calculated by the normal delay 
equation. 

Tpdmgx a 21 X (largest delay time of the stub segments that are 
> 1 . 18 inches . 

+ 3 X (delay time of the main line from the output of 
the driver to the turning point of the farthest 
receiver, not considering the said worst stub as loads. 

This Tp^ max is defined to be the delay to all of the receivers of 

this net. 
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Figure 2-8. Type 2 Delay Calculation 
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If you have more than one driver and they switch at the same time, 
refer to the following equation. 

T. j v = 25 x (largest delay time of the stub segments that are > 
pa max ± lg incheg) 

+ 5 X (delay time of the main line from the output of the 
driver to the turning point of the farthest receiver, not 
considering the said worst stub as loads). 

Here, ^pd min m ^ ^pd max mean the same as net Type 1. Each stub must 
be <. 29 inches in length. Refer to the example given in figure 2-9 
and table 2-5 to calculate T p( j max . 

2.5.4 Calculation Example of T p( j max . 

Given the net of figure 2-9, calculate T p( j max . 

So lut ion : 

Stubs 1, 2, and 3 are type two nets. Refer to table 2-5 for the 
delay calculations. 



2.76" 



1.97" 



1.97" 



1.97" 



1.97" 



KEY 

O LSI I/O Pin 
□ Via 

H High Power Gate 
L Low Power Gate 



3.15" 



2.36" 



i-E> 



Stub 1 



1.97" 



3.15" 



A-£T> 

Stub 2 



1.18" 



1.97" 



1.97" 



<HE> 
<-E> 



Stub 3 



0.79" 



Stub 4 



A02533 



Figure 2-9. Example of Type 2 Non-Critical Net 
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Table 2-5. Delay Calculation of Example in Figure 2-9 





DELAY ELEMENT 


LOADING 


DELAY (PS) 




Trace: 


5.51" 


980/980 


STUB 1: 


Bases: Low Power 
High Power 


2 
0 


5.8/2.8 




LU: Via 

Chip I/O 
Metal on 
Chip 


12 LU 
48 LU 
6 LU 


323.4/349.8 




UP/ON Delay 




1309/1333 




Pattern 


O.IZ 




STUB 2: 


Bases: Low Power 
High Power 


1 

2 


2.9/1.4 
11/5.2 




LU: 


60 LU 


294/318 




UP/DIM Delay 




1218/1235 




Pattern 


5.12" 


910/910 


STUB 3: 


Basest Low Power 
High Power 


2 
1 


5.8/2.8 
5.5/2.6 




LU 


93 LU 


455.7/492.9 



NOTE: Stub 3 has the largest delay time. The delay time of the main line without stub 3 will be as follows: 



Main Line 


Pattern 


8.66" 


1540/1540 


STUB 1 


Base: Low Power 


2 


5.8/2.8 




LU: 


171 LU 


839.9/906.3 


STUB 2 


Base: Low Power 


1 


2.9/1.4 




High Power 


2 


11/5.2 




LU: 


157.5 LU 


771.8/834.8 


STUB 4 


Base: Low Power 


1 


2.9/1.4 




High Power 


0 






LU: 


48 LU 


235.2/254.4 






UP/DN Delay 


3407.5/3546.3 
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Then: 

T pdmax (u P } = 21 X 1377 + 3 X 3407.5 = 39140 ps 
T pdmax (dn) = 21 X 1408.3 + 3 X 3546.3 = 40213 ps 

2.6 PARALLEL WIRE RULES 

Parallel signal lines induce noise pulses onto each other because 
these lines are electrostatically and electromagnet ical ly coupled. 
This induced noise is called crosstalk noise. Parallel wiring limits 
are established to control this crosstalk noise and to achieve relia- 
ble operation. If a net contains both MCC and sidepanel segments, 
they are treated separately. Refer to table 2-6 for maximum parallel 
net lengths. 

Table 2-6. Maximum Parallel Net Length in Inches and Grid Units 



LOCATION 


LAYER OR TYPE 
OF COUPLING* 


NORMAL 
NETS 


CLOCKS AND 
ASYNCHRONOUS 
NETS 


BUS 






in. gu 


in. gu 


in. gu 


MCC 


X & Y LAYERS 
SLANT LAYERS 


1.65 33 
2.20 98 


1.35 27 
1.84 82 


1.35 27 
1.84 82 


SIDE 
PANEL 


TYPE 1 
TYPE 2 
TYPE 3 


2.60 26 
1.40 14 
3.20 32 


2.10 21 
1.10 11 
2.60 26 


2.10 21 
1.10 11 
2.60 26 


*Refer to figure 2-10 for definition of coupling types. 



2.6.1 Geometric Factors 

Figure 2-10 illustrates the three types of parallelism which can exist 
in the sidepanel (SP) . Only Type 1 parallelism can exist within the 
MCC. Each type exhibits a different amount of crosstalk noise cou- 
pling and is therefore weighted to reflect this difference. The weak- 
est coupling is Type 3, with a weighting factor of 1.0. The strongest 
coupling is Type 2 with a weighting factor of 2.0. Type 1 coupling 
has a weighting factor of 1.3. 
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VIA 



X Layers 
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Figure 2-10. Three Types of Parallelism 



2.6.2 Intra-MCC Net 

Figure 2-11 is applied to intra-MCC net parallel length calculations. 
Nets A and B are parallel on layer XI for a distance of x. On layer 
SI, nets A and B are parallel for a distance of s, and on layer YZ, 
they are parallel for a distance of y. In order to calculate intra- 
MCC nets, refer to table 2-6 and the following equation: 



where : 



L x} 



the parallel distance on the X layer. 

the parallel distance on the Y layer. 

the parallel distance on the slant layers. 

the maximum allowable parallel distance on the X and Y 

layers. 

the maximum allowable parallel distance on the slant 
layers. 
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Figure 2-11. Parallel Nets on MCCs 



2.6.3 Inter-MCC Net (Sidepanel) 

Figure 2-12 is applied to inter-MCC net parallel length calculations. 
In order to calculate inter-MCC nets, refer to table 2-6 and the fol- 
lowing equation: 



N=l 

3 

where : 



= the lengths of wire that are parallel on the 
x, y, and s layers with a coupling of N. 

= the maximum al lowable paral lei length for 
each coupling type. 



Net A O 



NetS 



2x1 



where: 

2 x1 = 0.37' 
2 x2 - 0.25' 
2 y2 * 0.5" 
2x3 "0.25" 



i r 



2x2 



2y2 



2x3 
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Figure 2-12 . Calculation for" Maximum Parallel Lengths on SP 
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Nets A and B are parallel on various layers in four segments. Segment 2 xl of net B is parallel to net A 
over a length of 0.37 inches with coupling type 1. Segments £ x2 and £ y2 are parallel with coupling fac- 
tor 2. Segment £ x g is parallel with coupling factor 3. Using the equation on the previous page, nets A 
and B are parallel. 



.37 
T7S 



25 + .5 

— rar~ 



.25 



.756 



Note: Notations are in inches. 



2.6.4 MCC I/O Pin Physical Assignment 

Due to crosstalk and noise problems, the MCC I/O pin assignment must 
be restricted. Arbitrary units were chosen for noise coupling factors 
and maximum noise limits. Figure 2-13 shows the geometric coupling 
between MCC I/O pins. All pins with drivers on the MCC are noise 
sources. Pins with noise sources couple noise into horizontally and 
vertically adjacent pins with a weight of 1. The diagonal coupling 
weight is 0.5. 



Disturbing 


Noise 


Pin Position 


Weight 


Vertical 


1.0 


Horizontal 


1.0 


Diagonal 


0.5 



0 
X 



Power /Gnd Pin 
Signal Pin 
Disturbed Pin 



G 0 

B • 

A 0 

F 0 

£ • 

D 0 



0 — ► X * — 0 



o 

0 
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Figure 2-13 . Noise Coupling Weight 

Table 2-7 is a list of the maximum noise limits for the fol lowing four 
net types: 

1. Unterminated receiver. 

2. Receiver with a 90 ohm terminator. 
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3. Net driving off MCC (no receiver). 

4. Net with a driver and receiver. 

NOTE: Net types 3 and 4 are noise sources 
Care" on net types 3 and 4. 



Terminators are "Don't 



Table 2-7. MCC I/O Noise Limits 



NET TYPE 


NOISE LIMIT 




Unidirectional Net 


Bi-directional Net 




On Stack 


Off Stack 




1 
2 
3 
4 


2.0 
3.5 
No limit 
3.5 


1.5 

3.0 
No limit 
3.0 


1.5 
2.5 
No limit 
2.5 


NOTE: IF E/Cs are anticipated, use net 4 for net 3 types. 



2.6.5 Simplified MCC I/O Pin Physical Assignment 

A simplified version of the rule in paragraph 2.6.4 has been developed 
by Fujitsu. Refer to figure 2-14. 



Assign to Receiver 




Receiver (Type 1) 



Ground/Power Pin Rows 



Assign to Receiver With Terminator (Type 2 Net) Only 
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Figure 2-14. Simplified I/O Assignment 
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2.7 DISCRETE WIRING RULE (MCC AND SP) 

This class of wire is provided for clock tuning and future engineering 
changes. Due to high manufacturing costs, discrete wire should not be 
designed into the MCC and SP. Discrete wire should not be used to 
make a net faster. A better way would be to reduce loading or shorten 
the net length. 



2.7.1 Wiring Principle 

Discrete wires should be routed in minimal length paths 

2.7.2 Discrete Wire Stub 

Each discrete wire stub should be 1.5 inches or less. 



2.7.3 General Discrete Wire Selection Rule 
1 . General Wi r ing 



Single Lead: 
Twin Lead: 



Less than 2 inches 
2 to 24 inches 



Asynchronous, Set/Reset Net and Clock 



Single Lead: 
Twin Lead: 



Less than 0.8 inch 
0.8 to 24 inches 



2.7.4 Single Lead Wiring 

1. Single lead wire has to be placed against the MCC surface as 

close as the manufacturing process allows to reduce the charac- 
teristic impedance of the wire. Single lead wire placed 0.040 
to 0.080 inches above the MCC has a characteristic impedance of 
200 ohms, which is more than twice the nominal system impe- 
dance. 



Single lead wire 
should be placed 
wires because of 



which carries clock or set/reset signals 

to minimize length parallel to other discrete 

the large crosstalk noise coefficient. 
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2.7.5 Twin Lead Wire Split 

The split at both ends of twin lead wire should be 0.2 inch or less to 
minimize the impedance mismatch. 



2.8 CLOCK DISTRIBUTION 

In order to distribute clocks on an MCC with minimum skew, the two 
loads should have equal length stubs and the loading should be the 
same. Refer to figure 2-15. 





1g < 1% inches 
< 2 inches 
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Figure 2-15. MCC Clock Distribution 
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CHAPTER 3 - COMMON BUS 



3 . 1 GENERAL 

In general, data bussing involves connecting two or more driver out- 
puts and one or more receiver inputs to the same signal line. ECL 
bi-directional bussing requires each end of the bus to be terminated. 
Only one driver emitter can be turned on at any time. If more than 
one driver is turned on, drivers appear as low impedance discontinui- 
ties. MACRO 42 Bus Drivers are employed which have an especially low 
Vol (<Vrp). This ensures that their emitters are completely turned 
off and appear as a high impedance. 

Figure 3-1 shows a typical bus line for the 580 system. It consists 
of seven stubbed loads across eight consecutive MCC positions. To 
begin to analyze the performance of the bus, we must know the starting 
impedance, delay of the unloaded bus line, total capacitive loading 
effect of each stubbed load, bus length, stub lengths, and the driver 
rise and fall times as well as overall drive capability. 

Optimum performance is obtained from a bus that is uniformly loaded 
(that is, equally spaced stubs along the mainline of the bus each with 
the same loading capacitance). In addition, the electrical length of 
the stub spacing should not exceed one-half of the rise or fall time 
of the bus signal. Also, the electrical length of the stub should not 
exceed one-half of the rise or fall time of the bus signal. 

For a discussion of the theory of modified impedance and transmission 
line delay, refer to the Non-LSI Ci rcui t Manua 1 written for 470. Par- 
agraphs 2.9 and 3.3 were used to derive the equations used in this 
chapter. Refer to paragraph 3.2 of this manual for the equations and 
the method of analysis for a proposed bus design. 

The following limitations on Bus construction are used: 

« The Bus Driver (MACRO 42) rise and fall times are > 2.0 ns . 

# The physical distance between MCCs (pitch) will be 1.2 inches. 



Common bus transmission systems are composed as follows: 

• Only a double MACRO 42 (4 emitters) must be used for the driver. 

• Any gate may be used for the receiver. 
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# A maximum of 200 LU may be connected to each MCC Stub to perform 
a multiplex function. Stub loading consists of sidepanel and 
MCC Vias, Stub Printed Wire (SP and MCC), MCC connectors and all 
LSI Loading. 

# A double termination (45 ohms) matching the Bus impedance must 
be connected to each end of the Bus line. Refer to figure 7-15 

# The maximum mainline length between Bus Stub Loads shall be 2.5 
inches. 

# The maximum MCC Printed Trace Length to connect Drivers and 
Receivers shall be 1.5 inches. 



fm 



1 1 -j i 



U 1 i ! I 

Twm » 90 ohm to - 2.0 Voitt TarmmatOf 
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Figure 3-1 . Typical 580 Bus Line 



3.2 COMMON BUS SYSTEM DESIGN 



3.2.1 



Modified Bus Impedance and Propagation Delay 

a« i crn i ncr « pnmmnn hus striirtiirp as HpsrrihpH i 



When designing a common bus structure as described in paragraph 3.1, 
careful attention must be paid to stub loading, especially as to the 
effect of lowering the overall bus impedance. As will be shown, the 
bus impedance will be lower than the 45 ohm termination value at each 
end of the bus. The major problem in the bus design is to keep the 
bus impedance from becoming excessively low (25 ohms) which will cre- 
ate large noise amplitudes due to reflections at the terminations and 
the driver. A secondary problem is control of the bus propagation 
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delay. If this delay becomes too large, severe limitations on the 
locations of stubs will have to be enforced to prevent excessive ring- 
ing on the bus. The following equations allow prediction of the modi- 
fied bus impedance and delay: 



Vi + (c d /c 0 ) 

5' = 5 0 V 1 + (C d /C 0 ) 
where : 

Z Q is the intrinsic (unloaded) impedance of the bus mainline. 

C Q is the intrinsic distributed capacitance of the bus mainline. 

5 0 is the intrinsic delay of the bus mainline. 

C d is the distributed loading attached to the bus mainline. This 
loading is from backpanel vias and printed trace, connectors, MCC 
fixed pattern metalization and vias, MCC printed trace, LSI packaging 
and LSI chip junction and metal capacitance. With uniform stub load- 
ing, the total capacitive loading of all stubs and loads is divided by 
the length of the mainline to derive C d . 



3.2.2 Bus Analys is 

This Bus Analysis equation was developed to be used when only one chip 
crossing was required. Unfortunately, one chip crossing has not been 
developed at this time. When one chip crossing is developed, the fol- 
lowing equation will be valid. 

Figure 3-2 shows a single bus line connecting eight MCCs. Each MCC 
has a driver consisting of four emitters ( two MACRO 42s) and a 
receiver gate on a single LSI chip connected internally via chip met- 
alization which requires only one chip crossing. Let us use a value 
of 4.0 pF (40 LU) for this chip crossing. If each stub uses the maxi- 
mum MCC printed trace allowed (1.5 inches), this represents an addi- 
tional 3.0 pF per stub. Assume that in routing the MCC printed trace, 
two Vias were used for a capacitive load of 1.2 pF. Then each MCC 
connector crossing represents an additional 4.0 pF of loading. This 
gives a total of 12.2 pF per stub. 

For MCCs with terminators, each terminator has a 1.8 pF capacitive 
load plus any additional trace capacitance. Let us assume 1.0 pF for 
trace and 3.6 pF for the double termination giving the terminated 
stubs a total of 16.8 pF of capacitive loading. Therefore, for the 
eight MCC stubs there is a total capacitive load of 6 x 12.2 + 2 x 
16.8 = 106 . 8 pF. Since the bus mainline length is 8.4 inches, the 
distributed loading (C^) is 12.7 pF/ inch. Now, using the intrinsic 
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bus values of Z Q = 85 ohms, 5 0 = 180 ps/inch, C Q = 2.1 pF/inch, we may 
calculate the modified bus mainline impedance and propagation delay: 



85 ohms 



-/l + (12.7/2.1) 
= 32.0 ohms 



and 5' = 180 ps/inch x. V 1 + (12.7/2.1) 
= 478 ps/inch 



The propagat ion delay along the bus mainl ine located on the s idepane 1 
will be 478 ps/inch x 8.4 inches equaling 4015 ps . Additional delay 
calculations must be performed by determining propagation delay from a 
driver to the mainline and from the mainline to the receiver. These 
delays are calculated as follows: 

Driver to Mainline Delay = * printed trace x 180 ps/in + * connector 
crossing + c load (P F ) * 35 ps/pF 

Mainline to Receiver Delay = ^ printed trace x 180 ps/in + fc connec- 
tor crossing + c load ( P F) x 50 P s/ P F 



where : 



t 



printed trace 



connector cross ing 



load 



is the MCC printed trace length from the 
driver output to the MCC connector. 

is a fixed delay from the MCC I/O to the 
backpanel connection to the bus mainline 
and has a value of 270 ps . 

is all capacitive loading on the MCC 
printed trace. This includes LSI capaci- 
tance (emitters and receiver input as well 
as chip carrier capacitance and LSI I/O via 
capacitance), any stub trace to terminators 
at 2.0 pF/inch, terminator capacitance at 
1.8 pF/90 ohm terminator, as well as any 
routing vias used to the MCC I/O. 

For the example above, to calculate the worst case delay from one end 
of the bus to the other end, proceed as follows: since each stub with 
a terminator had a total of 16.8 pF of loading which included 4.0 pF 
for the connector and 3.0 pF for the 1.5 inches of MCC printed trace, 
the remaining capacitance of 9.8 pF is loading on the MCC printed 
trace. Therefore, the delay from the driver to the bus mainline is: 

1.5 inch printed trace x 180. ps/inch + 270 ps (tconnector) + 9.8 pF 
x 35 ps/pF = 270 + 270 + 343 = 883 ps . 
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The delay from the mainline to the receiver is: 

1.5 inch printed trace x 180 ps/inch + 270 ps (tconnector) + 9.8 pF 
x 50 ps/pF = 270 + 270 + 490 = 1030 ps . 

Since the mainline delay has already been calculated as 4015 ps , the 
total delay end-to-end for this bus is 883 + 4015 + 1030 = 5928 ps . 







« MCC Pitch - 1.2 in. 


L 1 1 , 




L 1 1 J 



ConnvctOf 
Crossing 




A02541 



Figure 3-2. MCCs Connected by a Single Bus Line 



3.2.3 Review Of Bus Analysis 

A review of the previous analysis reveals several important things. 
First of all, the calculated delay from the bus mainline to a receiver 
is roughly 1 ns . As pointed out in paragraph 3.1, this delay should 
not exceed 50 percent of the signal rise or fall times to prevent 
excessive ringing. Hence, the requirement for a > 2 ns risetime on 
the bus and the 1.5 inch limit on MCC printed trace on the stub is 
needed. 

Secondly, the calculated bus mainline delay was 478 ps/inch which is a 
delay of 574 ps between stubs (assuming the stub pitch is 1.2 inches). 
Again, as pointed out in paragraph 3.1, the electrical delay between 
stubs should not exceed 50 percent of the signal rise or fall times. 
For the case just analyzed, the risetime requirement would be > 2 x 
574 ps equaling 1148 ps for stubs on 1.2 inch centers. 

When skipping one MCC position, it is necessary to increase the stub 
pitch. The stub pitch would be 2.4 inches requiring a risetime of > 4 
x 574 ps equaling 2296 ps . This is the reason for the 2.5 inch pitch 
limit for stubs in paragraph 3.1. Obviously, as the stub loading 
increases, the modified impedance of the bus will decrease while the 
bus propagation delay and stub delay will increase, requiring even 
greater risetimes for the bus signals. Conversely, for a given rise- 
time, bus signal distortion and ringing will increase with increased 
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bus loading. This is the reason for the 20.0 pF maximum loading limi- 
tation for stubs. Loading beyond this limit will create large impe- 
dance mismatches and cause excessive ringing and waveform distortion 
on the bus signals. 
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CHAPTER 4 - RANDOM ACCESS MEMORY WIRING RULES 



580 technology allows packaging bipolar RAM LSI (IK bits or 4K bits) 
mixed with logic LSI on the same MCC board. RAM wiring requires spe- 
cial attention because of its strict timing and noise requirements. 



4.1 GENERAL RULES 

RAM wiring should not have any stubs. Pulse width for write enable 
(WE) signal should be generated on the MCC on which it is used. When 
it is supplied externally, it should be buffered. 

Macro 43 (OR output only) should be used for driving the RAM Modules. 
It terminates in 90 ohms placed 1 inch or less from the last RAM 
Module. 

RAM Modules should not be driven by emitter dot (wire OR) logic. 

Because of the very high performance of the RAMs , they will respond 
unpredictably to glitches or very narrow pulses. Therefore, the RAM 
inputs should be protected from glitches. 

Different types of RAM Modules should not be driven by the same 
driver. 

RAM input nets may contain discrete wires, but printed wires are 
recommended. 



4.2 WIRING IN ARRAY SECTION 

Wires which carry address signals, chip or block select signal(s), 
read/write control signals, read signals, or write signals are called 
array wiring (AW). Array wiring may not cross an MCC boundary, unless 
it has been buffered on the same MCC board. Manually routed array 
wiring is preferred because it has better electrical characteristics. 

The maximum dc resistance of a RAM input net should be less than or 
equal to 1.2 ohms of line resistance. (6 inches of printed wire or 12 
inches of discrete wire) 

WE (Write Enable) input net should be routed on layers L5 (Yl) and 
L10 (X2). If necessary, layers L4 (XI) and Lll (Y2) may be used. 



4.3 PARALLEL WIRING IN ARRAY SECTION 

Parallel wiring restrictions defined in paragraph 2.6 are not appli- 
cable to array wiring. Array wires have to be routed to minimize 
crosstalk noi se . 
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4.3.1 Separation Between Array Wiring And Other Wiring 

Array wiring and other wiring have to be completely separated in each 
layer of the MCC board to minimize noise coupling. For example, the 
address input signal before buffering, which is not an array signal, 
may not be routed through the array wiring area. While logic wiring 
al lows two wires in a .05 inch channe 1 , array wiring restricts wiring 
to 1 wire per .05 inch channel. Two copies of the same signal may be 
routed in a .05 channel. 

4.3.2 Read/Write Control Signal (Write Enable) 

Special attention has to be paid to the write enable signal routing to 
minimize crosstalk noise and skew. One grid unit (or wider) spacing 
is required between write enable and other array signals (address, 
chip select, data line, etc.). It is desirable to route all array 
signals in the same direction, so that the delay difference between 
RAM chips becomes minimal. 

In figure 4-1, the address distribution designated as GOOD EXAMPLE is 
recommended. RAM 1 receives the earlier WE and address signals but 
the output signal travels the longest distance. This situation is 
reversed for RAM n and the total delay from WE or address to data out 
is almost equal to that of RAM 1. 
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Figure 4*1. Preferred Distribution Design 

Poor address distribution produces larger delay skew, faster response 
from RAM n but far slower response from RAM 1, and slows down memory 
operation as a whole. 

Figures 4-2 and 4-3 illustrate the rules that should be maintained on 
RAM Input 1 ines . 
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Figure 4-2. Address and Write Enable Nets 



*R«fer to paragraphs 2.2.4 and 2.2.5 
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Figure 4-3. Block Select and Data-in Nets 



4.4 PULL DOWN 



All RAM input nets must be terminated, 
input pull down resistors. 



Note, RAM chips do not have 



4.5 TIE DOWN (UNUSED INPUT) 

All unused inputs should be tied down to -2V through a termination 
resistor. Up to fifty unused inputs may be connected to the same ter- 
minator. This tie down net should be 10 inches or shorter in total 
1 ength to minimize noise pick up. Unused RAM input tie down nets 
should not contain any logic LSI unused inputs. 
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4.6 DATA-OUT DOT-ORING 

Data-out Dot-ORing (emitter dot) is a common way to expand the number 
of words in a memory as a unit. The following conditions have to be 
met when dotting is employed: 

1. Maximum of eight EFs may be dotted. 

2. Maximum of four Module Pins may be dotted. 

3. Maximum distance between emitter followers in a dot is three 
inches. 

4. Each stub must be < one grid unit. 



4.7 RAM DRIVER FAN-OUT 
Fan-out rules are as follows: 

• The fan-out of write enable and address drivers should be less 
than or equal to two module input pins. 

# The maximum fan-out of other signals driving the memory array is 
eight chips on four modules. A maximum of four module input 
pins can then contain up to two chip inputs each. 



4.8 LSI AND RAM MODULE MIX RESTRICTIONS 

When LSI inputs and RAM Module inputs are mixed in the same net, only 
one RAM Module and one two-base LSI input are allowed. The spacing of 
figure 4-4 should be maintained. 





RAM 




♦R«f«r to paragraphs 2.2.4 and 2.2.S 
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Figure 4-4. Spacing Restrictions 
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4.9 RAM MODULE 



The 580 RAM Module allows high speed Random Access Read-Write Memory 
to be packaged on an MCC. Four RAM chips are packaged in a Memory 
Module. Type I through Type VI Modules and Type VIII contain 4K bits 
of high speed RAM in various configurations. The Type VII Module con- 
tains 16K bits of a slower access time RAM. Refer to figure 4-5 for 
RAM Module I/O assignments. Figure 4-6 is a block diagram of the RAM 
Modules . 
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Figure 4-5 . RAM Module I/O Assignments 
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Figure 4-6. RAM Module Block Diagram 
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Table 4-1 contains RAM Module I/O assignments, chip identification and 
the various RAM configurations. The following is a listing of RAM I/O 
pin names and abbreviations used in the table: 

A n = Address input N 

BS n = Block select n similar to chip select (CS) used on the 

IK x 4 RAMs used in Type VII Module. 

DI n = Data in n 

DOn = Data out n 

WE = Write Enable 

DO^.ab = Chip "a", Chip "b" Dot (between chips inside module) 

DOj2- a = D01,D02 Dot (betweeen pins on a single chip) 

VCCVCCO = OV 

VEE 1 = -3.6V 

VEE,VEE 2 = -5.2V 

- No connection 
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Table 4-1. 580 RAM Module Pin Assignment 



TYPE NO 


I 


II 


III 


IV 


V 


VI 


VII 


VIII 


PIN NO 


MB76001 


MB76002 


MB76003 


MB76004 


MB76005 


MB76006 


MB76007 


MB76008 


1 - 


D0 23.a 


D °3.a 


D °3.a 


D °3.a 


D0 3.a 


DO 0ac 


- 

DO 0.ab 


.... 

°°.ac 


2 


DO 01.a 


D0 2.a 


D0 2.a 


D0 2.a 


D0 2.a 


D °1.ac 


DOl-ab 


— 


3 


A 0 


A 0 


A 0 


A 0.ab 


A 0 


A 0.ab 


CS .a 


A 0 


4 


A 1 


A 1 


A 1 


A 1.ab 


A 1 


A 1.ab 


- 


A 1 


5 


A 2 


A 2 


A 2 


A 2.ab 


A 2 


A 2 


- 


A 2 


6 


A 3 


A 3 


A 3 


A 3.ab 


A 3 


A 3 




A 3 


7 


DO 01.b 


DO 0.b 


DO 0.b 


DO 0.b 


DO 0.b 


Dl 0.ab 


Dl 0.ab 


Dig 


8 


D0 23.b 


D0 1.b 


°°1.b 


D0 1.b 


D0 1.b 


Dl 1.ab 


Dl 1.ab 




9 


DJ 0.b 


D0 2.b 


D0 2.b 


D0 2.b 


D0 2.b 


Dl 2.ab 


cs b 


- 


10 


0, T.b 


D0 3.b 


D0 3.b 


D0 3.b 


D0 3.b 


D, 3.ab 


- 


- 


11 


A 4 


A 4 


A 4 


A 4.ab 


A 4 


A 4 


D °2.ab 


A 4 


12 


A 5 


A 5 


A 5 


A 5.ab 


A 5 


A 5 




A 5 


13 


A 6 


A 6 


A 6 


A 6.ab 


A 6 


A 6 


- 


A 6 


14 


A 7 


A 7 


A 7 


A 7.ab 


A 7 


A 7 


WE b 


A 7 


15 


Dl 2b 


D, 1.ab 


D, 1.b 


D, 1.ab 


Dl .b 


- 


A 0 


-* 


16 


D, 3.b 


D, 0.ab 


Dl 0.b 


' D, 0.ab 


BS 3 


BS 0.ab 


A 1 


BS 0.ab 


17 


— 


- 


BS b 


8S .b 


BS 2 


BS 1.ab 




BS 1.ab 


18 


WE. b 


WE .bd 


WE .ab 


WE .ab 


WE„ 


WE .bd 


A 2 


WE .bd 


19 


WE. d 


BS .cd 


BS d 


BS_ d 


WE d 




WE d 




20 


— 


— 






— 


BS 3.cd 


A 3 


BS 3.cd 


21 


BS 2 


°<3.cd 


Dl 3.b 


Dl 3.cd 




BS 2.cd 


A 4 


BS 2,cd 


22 


BS 1 


D, 2.ed 


0, 2.b 


D, 2.cd 


°'.d 








23 


— 


D0 1.d 


O0 1.d 


D0 1d 


D0 1d 


D0 3.bd 


Dl 3.cd 


"** 


24 




DO 0.d 


DO 0.d 


D0 0.d 


DO 0.d 


D0 2.bd 


D, 2.cd 


*"* 


25 


D0 23.d 


D0 3.d 


D0 3.d 


D0 3.d 


D0 3.d 


DO 0.db 


DO 0.cd 


OO 0.bd 


26 


OO 01.d 


°°2.d 


D °2.d 


D °2.d 


D °2.d 


D °1.bd 


0O 1.cd 




27 


o.u 




1.0 


Aft ~A 
U.Cu 




.CO 






28 


D, 2.d 




D, 0.d 


A 1.cd 




A 1.od 






29 


0, 1.d 




D, 2.d 


A 2.cd 










30 


D'o.d 




D, 3.d 


A 3.cd 






cs d 




31 


D0 01.c 


DO 0x 


DO 0.c 


DO 0.c 


DO 0.o 


D, 0.cd 


D, 0.cd 




32 


D0 23.c 


D0 1.c 


D0 1.c 


D0 1.c 


D0 1.c 


D, r.cd 


Dl 1.cd 




33 


D, 0.c 


D °2.c 


D0 2. C 


D0 2.c 


D0 2.c 


D, 2.cd 


CS .c 


Dl 2 


34 


°»1.c 


D0 3.c 


D0 3.c 


D0 3.c 


D0 3.c 


^3.cd 




Dl 3 


35 






D, 2.c 


A 4.cd 






D0 2.cd 
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Table 4—1. 580 RAM Module Pin Assignment 



TYPE NO 
PIN NO 


I 

MB76001 


II 

MB76002 


III 

MB76003 


IV 

MB76004 


V 

MB76005 


VI 

MB76006 


VII 
MB76007 


VIII 
MB76008 


36 


- 


- 


Dl 3.c 


A 5.cd 


- 


- 


D0 3.cd 


- 


37 


D, 3.e 


- 


D, 1.c 


A 6.cd 


— 


- 


A 5 


- 


38 


D, 2.c 


- 


0, 0.c 


A 7.cd 


- 


- 


A 6 


- 


39 


8S 3 


D, 1.cd 


0, 3.a 


Dl 1.cd 


°«1.e 


- 


- 


- 


40 


BS 0 


D, 0.cd 


Dl 2.a 


D, 0.cd 


BS 0 


BS 0.cd 


- 


BS 0.cd 


41 


- 


- 


BS .c 


BS .c 


BS 1 


BS 1.cd 


WE C 


BS 1.cd 


42 


WE.c 


WE .ac 


WE .cd 


WE .cd 


WE C 


WE .ac 


A 7 


WE .ac 


43 


WE a 


BS .ab 


Bs .a 


BS .a 


WE a 


- 


A 8 


- 


44 


- 


- 


- 


- 


- 


BS 3.ab 


A 9 


8S 3.ab 


45 


D, 0.a 


D, 3.ab 


Dl 0.a 


OI 3.ab 


- 


BS 2.ab 


WE a 


BS 2.ab 


46 


D, 1. a 


D, 2.ab 


D, 1.a 


Dl 2.ab 


D, .a 


- 


D, 3.ab 


- 


47 


D, 2.a 


D0 1.a 


D0 1.a 


D0 1.a 


D0 1.a 


D °3.ac 


Dl 2.ab 


- 


48 


D, 3.a 


DO 0.a 


DO 0.a 


DO 0.a 


D0 0.a 


°°2.ac 


- 


- 


49 


vcc a 


vcc a 


vcc a 


vcc a 


vcc a 


vcc a 


vcc a 


VCC.a 


50 


VCC 0.ab 


VCC 0.ab 


VCC 0.ab 


VCC 0.ab 


VCC 0.ab 


VCC 0.ab 


VCC 0.ab 


VCC 0.ab 


51 


vcc b 


vcc b 


vcc b 


vcc b 


vcc b 


vcc b 


vcc b 


vcc b 


52 


VEE 2.b 


VEE 2.b 


VEE 2b 


VEE 2.b 


VEE 2b 


VEE 2.b 


VEE 2.b 


VEE 2b 


53 


VEE 1.bd 


VEE 1.bd 


VEE 1.bd 


VEE 1.bd 


VEE 1.bd 


VEE 1.bd 


- 


VEE 1.bd 


54 


VEE 2.d 


VEE 2.d 


VEE 2.d 


VEE 2.d 


VEE 2.d 


VEE 2.d 


VEE d 


VEE 2.d 




vcc d 


VCC.d 


vcc d 


vcc d 


vcc d 


vcc .d 


vcc d 


vcc d 


56 


VCC 0.cd 


VCC 0.cd 


VCC 0.cd 


VCC 0.cd 


VCG 0.cd 


VCC 0.cd 


VCC 0.cd 


VCC 0.cd 


57 


vcc c 


vcc c 


vcc c 


vcc c 


vcc c 


vcc c 


vcc c 


vcc c 


58 


VEE 2.c 


VEE 2.c 


VEE 2.c 


VEE 2.c 


VEE 2.c 


VEE 2.c 


VEE .c 


VEE 2.c 


59 


VEE 1.ac 


VEE 1.ac 


VEE 1.ac 


VEE 1.ac 


VEE 1.ac 


VEE 1.ac 




VEE 1.ac 


60 


VEE 2.a 


VEE 2.a 


VEE 2.a 


VEE 2.a 


VEE 2.a 


VEE 2.a 


VEE .a 


VEE 2.a 
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CHAPTER 5 - DELAY EQUATIONS 



5.1 ON-CHIP DELAY EQUATION 

Figure 5-1 illustrates the basic delay definition and measuring 
points. The basic section of delay is defined from the macro input 
pin of the driver circuit to the macro input pin of the receiver cir- 
cuit of interest. The load of interest is affected by any loading 
within 1.6 inches of that load. Figure 5-2 shows the definition of 
switching types. 



PREVIOUS 
STAGE 
DRIVER 




SUB OUTPUT NET 



SAME PHASE OTHER 
EMITTER FOLLOWER OUTPUT 
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Figure 5-1. Delay Definition 

Total delay time (Tj) of basic section is defined by the following 
equation: 

T d = T in + T f anin + T circuit + T out + T BD + T EDOT * T add 
where: 

T in is the loading effect of the input net. It is actu- 

ally the effect of input rise or fall time. 

^fanin * s e ^^ ec * °f number of fan-ins. 

^circuit is the basic circuit delay time. It is defined for 

each macro . 
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L out 



L BD 



L EDOT 
r add 



Figure 5-2. Definition of Switching Types 

is the loading effect of the output net and 
sub-output net . 

is the effect of using the bias driver commonly. It 
occurs when another circuit in the same macro 
switches at the same time. 

is the loading effect of emitter follower dotting. 

is the additional delay time of external emitter fol- 
lower dotting, specified at the up-switching. 



This Delay Equation is identical to the off-chip delay equation (para- 
graph 5.6) except for the Tjj ne term which is omitted. Propagation 
delay is insignificant when on-chip. 

5 .2 ON-CHIP LOADING PABAMETiJSS 

To calculate the term T in , refer to paragraph 5.2.1. Loading par ame- 

and T ollt are defined in paragraphs 5.2.2 and 5.2.3. 



ters for T cirGuit 
5.2.1 



Tj n Def ini t ions 



NINL Total number of low power bases including switching and non- 
switching in the input net of the circuit of interest. 
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NINH Total number of high power bases including switching and non- 
switching in the input net of the circuit of interest. 

SNINL Total number of low power switching bases in the input net of 
the circuit of interest. 

SNINH Total number of high power switching bases in the input net of 
the circuit of interest. 

MNIN Total loading units, except lower power and high power bases, 
in the input net of the circuit of interest. 



5.2.2 
MEF 

M3 



L circuit 



Def ini t ions 



The number of same phase multiple emitter follower outputs 
within one circuit. 

In the case of high power external gate, it is the total load- 
ing units in collector net from the macro output pin to the 
base terminal of the external emitter follower. 



5.2.3 
NONL 

NONH 

SNONL 

SNONH 

MNON 



T QUt Definitions 



Total number of low power bases including switching and non- 
switching in the output net of the circuit of interest. 

Total number of high power bases including switching and non- 
switching in the output net of the circuit of interest. 

Total number of low power switching bases in the output net of 
the circuit of interest. 

Total number of high power switching bases in the output net 
of the circuit of interest. 

Total loading units, except for low power and high power 
bases, of the output net of the circuit of interest. 



5.3 ON-CHIP DELAY TERMS 

The on-chip delay (picosecond, ps) equation is defined by the follow- 
ing terms. 



5.3.1 

T 



T^ Definitions 



in is a function of the power of the driver circuits, the power of 
the previous stage circuit, the pull down resistor of the previous one 
and the input transition type. It is defined by the following loading 
parameters (table 5-1) . 
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Table 5-1. T*„ Definitions and Cross References 





T 5tt = (Kl x NINL) + (K2 x NINH) + (K3 x SNINL) 
m + (E4 x SNINH) + (E5 x MNIN) 


DRIVER OF 
INTEREST 


PREVIOUS 
STAGE 


Rp 


WAVEFORM* 


El 


E2 


E3 


E4 


E5 


LOW 
POWER 


Low 
Power 


4K 


UP 
DN 


2 
3 


2 
4 


2 
2 


3 
4 


1 
3 


2K 


UP 
DN 


2 
2 


2 
3 


2 
2 


3 
3 


1 
2 


High 

Power 

Internal 

High Pwr 
External 


4E 


UP 
DN 


2 
3 


2 
4 


2 
2 


3 
4 


1 
3 


2E 


UP 
DN 


2 
2 


2 
3 


2 
2 


3 
3 


1 
2 


90 


UP 
DN 


6.2 
7.3 


8.4 
9.6 


3.4 
0.5 


4.8 

0.9 


1.2 
1.3 


HIGH 
POWER 


Low 
Power 


4E 


UP 
DN 


1 
2 


2 
3 


2 
2 


3 
4 


1 
3 


2E 


TTTI 

UP 
DN 


•* 

1 

2 


e% 

2 
2 


2 
2 


3 
3 


1 
2 


High 

Power 

Internal 


4E 


UP 
DN 


1 
2 


2 
3 


2 
2 


3 
4 


1 
3 


2E 


UP 
DN 


1 
2 


2 
2 


2 
2 


3 
3 


1 
2 


High Pwr 
External 


90 


UP 
DN 


6.2 
7.3 


8.4 
9.6 


3.4 
0.5 


4.8 
0.9 


1.2 
1.3 


"This is the phase of the waveform at the input of the 
driver of interest. 
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5.3.2 T fanin De f ini t i ons 

The number for tfanin is the number of inputs on the current switch 
connected to the input net. 

tfanin is a function of the power of the driver circuit and the 
switching type. Tfanin Definitions and Cross References are given in 
Table 5-2. 

Table 5-2. T fan j n Definitions and Cross References 











T fanin ( P $> 












DRIVER 


SWITCHING 


















CIRCUIT 


TYPE 


FANIISN1 


FANIN-2 


FANIN*3 


FANIIVN4 


FANIN-5 


FAI\IIN=6 


FANIN-7 


FANIN-8 




^up 0in 


0 


-1 


3 


20 


20 








Low 


^dn ftfn 


0 


-9 


-1 


52 


42 








Power 


T up 0OUt 


0 


-12 


33 


110 


92 


210 


187 


253 




^"dn tout 


0 


-2 


67 


127 


128 


199 


196 


269 


High 


^up 0in 


0 


-3 


-1 


8 


7 








Power 


^"dn 0in 


0 


-1 


1 


12 


10 








Int/ 


T up 0Ollt 


0 


-5 


17 


36 


30 


63 


56 


78 


Ext 


^"dn 0out 


0 


-1 


29 


59 


59 


82 


80 


99 



5.3.3 T 

T . 

A circuit 



circuit 



Def ini t ions 
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is the loading compensated delay of each macro. It is a 
function of the power of the driver circuit, pull down resistor, and 
the switching type. It is defined by the following formula. 



1 circuit 
Where: 



= T B .+ [K6 x (MEF-1) ] + (K7 x M3) 

is the basic delay time of each circuit 



MEF is the number of same phase emi tter fol lowers . Only more 
than 1 same phase emitter follower is penalized. 

When determining which K6 coefficient to use with macros with multiple 
same phase emitter followers, the left column is for internal emitter 
followers and the right column is for external emitter followers. No 
more than 1 emitter follower per phase in any gate may drive off- 
chip. 

5.3.4 Macro Identifications 

Table 5-3 identifies the macros. Cross referenced on the table are 
the illustrated macro logic symbols and the associated tabular ized 
macro characteristics described in the previous paragraphs. 
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Table 5-3. Macro Identification and Description Locational Chart 



MACRO 

T T*V 

ID. 


MACRO DESCRIPTION 


FIGURE 
NO. 


TABLE 

NO. 


01 


Dual, 3-Input OR/NOR 


5-3 


5-4 


02 


Single, 5- Input, 2-OR/2-NOR 


5-4 


5-5 


03 


Dual, 3— Input, 2 -NOR 


5-5 


5-6 


04 


Dual, 3-Input, 2-OR 


5-6 


5-7 


05 


Dual , 4- Input NOR 


5-7 


5-8 


08 


Single, 8-Input, 3-NOR 


5-8 


5-9 


11 


Two Wide, 3-Input OR-AND/ Dua 1 , 3-Input NOR 


5-9 


5-10 


12 


Two Wide, 3-Input NOR-AND/ 2-Wide , 
3- Input OR-AND ( Exc 1 us 1 ve NOR ) 


5-10 


5-11 


13 


Two Wide, 3-Input OR NOR-AND/ 2 -W 1 de , 
3-Input NOR OR-AND (Exclusive OR) 


5-11 


5-12 


21 


Three Input N0R/3-Input, 2 -Sample 
Skewed Drive 


5-12 


5-13 


22 


Three Input, 3-Sample Skewed Driver 


5-13 


5-14 


31 


In-Phase Latch Without Scan- In/ Scan-Out 


5-14 


5-15 


32 


Out-of-Phase Latch Without Scan-In/Scan-Out 


5-15 


5-16 


42 


An Tl T\ • 

OR Bus Dr i ver 


5-16 


5-17 


43 


AT* 1 \TAT^ At T"V * 

OR/ NOR Memory Driver 


5-17 


5-18 


0199 


Four Wide , 3-Input , 2 OR-AND/Quad, 
3-Input NOR 


5-18 


5- 19 


0299 


Three Wide , 3-Input , 2 OR-AND/Quad, 

Q T «nn 4- MAP 

o— input isuit 


5-19 


5-20 


2399 


Clock Chopper 


5-20 


5-21 


3199 


Out-of-Phase Latch With Scan-In/Scan-Out 


5-21 


5-22 


3299 


In-Phase Latch With Scan-In/Scan-Out \ 


5-22 


5-23 


3399 


Out-of-Phase Latch With Scan-In/Scan-Out 


5-23 


5-24 
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Table 5-4. Macro 01 Characteristics 



INPUT PIN 


OUTPUT PIN 


PHASE 


3, 4, 5 
3, 4, 5 
8, 9, 10 
8, 9, 10 


1 
2 
12 
11 


0in 

0OUt 

0in 

0OUt 


DRIVER 
CIRCUIT 


Rp 


SWITCHING 
TYPE 


T B 


K7 


Low 
Power 


4K 


Tup 0in 
Tdn 0in 
Tup 0out 
Tdn 0out 


380 
294 
250 
315 




2K 


Tup 0in 
Tdn 0in 
Tup 0out 
Tdn 0out 


420 
275 
280 
295 




High 

Power 

Internal 


4E 


Tup 0in 
Tdn 0in 
Tup 0out 
Tdn 0out 


300 
240 
210 
255 




2E 


Tup 0in 
Tdn 0in 
Tup 0out 
Tdn 0out 


330 
225 
230 
240 




High 

Power 

External 


90 


Tup 0in 
Tdn 0in 
Tup 0out 
Tdn 0out 


659 
538 
479 
540 


55 
38 
40 
35 
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Figure 5-3. Dual, 3-Input OR/ NOR Macro 01 (Half-Macro) 
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Figure 5-4. Single, 5-Input , 2 OR/2 NOR Macro 02 (Half-Macro) 
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Table 5-5. Macro 02 Characteristics 



INPUT PIN 


OUTPUT PIN 


PHASE 


3,4,5,8,10 
3,4,5,8,10 


1,12 
2, 11 


0in 

0OUt 


DRIVER 
CIRCUIT 


Rp 


SWITCHING 
TYPE 


T B 


K6 


K7 


Low 
Power 


4E 


Tup 0 i n 
Tdn 0in 
Tup 0out 
Tdn 0out 


410 
324 
265 
325 


75 
28 
65 
26 




2K 


Tun 0 i n 
Tdn 0in 
Tup 0out 
Tdn 0out 


450 
305 
295 
305 


105 
24 
90 
22 




High 

Power 

Internal 


4K 


Tup 0 i n 
Tdn 0in 
Tup 0out 
Tdn 0out 


320 
260 
220 
260 


26 280 
16 73 
26 210 
13 68 


55 
38 
40 
35 


2K 


Tup 0in 
Tdn 0in 
Tup 0out 
Tdn 0out 


350 
245 
240 
245 


30 280 
16 61 
30 210 
13 62 


55 
38 
40 
35 


High 

Power 

External 


90 


Tup 0in 
Tdn 0in 
Tup 0out 
Tdn 0out 


679 
558 
484 
545 


30 
16 
30 
16 


55 
38 
40 
35 
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Table 5-6. Macro 03 Characteristics 



INPUT PIN 


OUTPUT PIN 


PHASE 


3, 4, 5 
8, 9, 10 


1, 2 
11, 12 


0OUt 
0OUt 


DRIVER 
CIRCUIT 


Rp 


SWITCHING 
TYPE 


T B 


K6 


K7 


Low 
Power 


4K 


Tup 0out 
Tdn 0out 


250 
315 


65 
26 




2K 


Tup 0-out 
Tdn 0out 


280 
295 


90 
22 




High 

Power 

Internal 


4E 


Tup 0out 
Tdn 0out 


210 
255 


26 210 
13 68 


40 
35 


2K 


Tup 0out 
Tdn 0out 


230 
240 


30 210 
13 62 


40 
35 


High Pwr 
External 


90 


Tup 0out 
Tdn 0out 


475 
540 


30 
13 


40 
35 
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Figure 5-5. Dual, 3-Input, 2 NOR Macro 03 (Half-Macro) 
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Table 5-7. Macro 04 Characteristics 



INPUT PIN 


OUTPUT PIN 


PHASE 


3, 4, 5 
8, 9, 10 


1, 2 
11, 12 


0in 
0in 


DRIVER 
CIRCUIT 


Rp 


SWITCHING 
TYPE 


T B 


K6 


K7 


Low 
Power 


4K 


Tup 0in 
Tdn )»in 


380 
294 


75 
28 




2K 


Tup 0in 
Tdn 0in 


420 
275 


105 
24 




High 

Power 

Internal 


4K 


Tup 0in 
Tdn 0in 


300 
240 


26 280 
16 73 


55 
38 


2K 


Tup 0in 
Tdn 0in 


330 
225 


30 280 
16 61 


55 
38 


High Pwr 
External 


90 


Tup 0in 
Tdn 0in 


659 
538 


30 
16 


55 
38 
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Figure 5-6. Dual, 3-Input, 2 OR Macro 04 (Half-Macro) 
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Table 5-8. Macro 05 Characteristics 



INPUT PIN 


OUTPUT PIN 


PHASE 


3, 4, 5, 6 
7, 8, 9, 10 


2 
11 


0OUt 
0OUt 


TYDT in?*D 

UK1 ViLsx 

CIRCUIT 


Rp 


SWITCHING 
TYPE 


T B. 


K7 


Low 
Power 




Tup 0out 
Tdn 0out 


315 




2K 


Tup 0out 
Tdn 0out 


280 
295 




High 

Power 

Internal 


4E 


Tup 0out 
Tdn 0out 


210 
255 




2K 


Tup 0out 
Tdn 0out 


230 
240 




High Pwr 
External 


90 


Tup 0out 
Tdn 0out 


475 
540 


40 
35 





r© 


©- — 1 

°" — ! 


© © 


i — ^ZI— 
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Figure 5-7. Dual, 4-Input NOR Macro 05 (Half-Macro) 
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Table 5-9. Macro 08 Characteristics 



INPUT PIN 


OUTPUT PIN 


PHASE 


3, 4, 5, 6, 
7, 8, 9, 10 


1, 2, 12 


0OUt 


DRIVER 
CIRCUIT 


Rp 


SWITCHING 
TYPE 


T B 


K6 


K7 


Low 
Power 


4K 


Tup 0out 
Tdn pout 


295 
345 


65 
26 




2K 


Tup oout 
Tdn 0out 


325 
325 


90 
22 




High 

Power 

Internal 


4K 


Tup 0out 
Tdn 0out 


230 
260 


26 210 
13 68 


40 
35 


2K 


Tup 0out 
Tdn 0out 


250 
245 


30 210 
13 62 


40 
35 


High Pwr 
External 


90 


Tup 0out 
Tdn 0out 


495 
545 


30 
13 


40 
35 



This implementation of an 8 input NOR gate is dense but slow. It 
should be used only where power and space savings are desired on non- 
critical paths. 
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Figure 5-8. Single, 8-Input, 3 NOR Macro 08 (Half-Macro) 
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Table 5-10. Macro 11 Characteristics 



INPUT PIN 


OUTPUT PIN 


PHASE 


3, 4, 5 
3, 4, 5 
8, 9, 10 
8, 9, 10 


1 
2 

1 

X 

11 


0in 

0OUt 

0in 

0OUt 


DRIVER 
CIRCUIT 


Rp 


Off X Xv>XlXIHIjr 

TYPE 


T B 


K7 


Low 
Power 


4K 


Tun W|' n 

iup 0in 
Tdn 0in 


587 
370 




2K 


iup 0in 
Tdn 0in 


627 
350 




High 

Power 

Internal 


4K 


i up pin 
Tdn 0in 


439 
295 




2K 


Tup 0in 
Tdn 0in 


469 
280 




High Pwr 
External 


90 


Tup 0in 
Tdn 0in 


800 
595 


55 
38 


^up 0out and 
that of Macro 


^dn 0out are equal to 
01 . 
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Figure 5-9. Two Wide, 3- Input OR- AND/ Dual , 3-Input NOR Macro 11 
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Table 5-11. Macro 12 Characteristics 



INPUT PIN 


OUTPUT PIN 


PHASE 


3, 4, 5 
3, 4, 5 
8, 9, 10 
8, 9, 10 


1 
2 
1 
2 


(pin 
(pout 
(pin 
(pout 


DRIVER 
CIRCUIT 


Rd 


SWITCHING 
TYPE 


Tr> 


K7 


Low 
Power 


4K 


Tup <p i n 
Tdn (pin 
Tup 0out 
Tdn 0out 


590 
370 
430 
390 

KJ *J \J 




2K 


Tup <p in 
Tdn (pin 
Tup 0out 
Tdn (pout 


630 
350 
460 
370 




High 

Power 

Internal 


4K 


Tup (pin 
Tdn 0in 
Tup (pout 
Tdn (pout 


440 
295 
330 
310 




2K 


Tup 0in 
Tdn 0in 
Tup (poxit 
Tdn (poxit 


470 
280 
350 
295 




High 

Power 

External 


90 


Tup 0in 
Tdn 0in 
Tup (pout 
Tdn (pout 


800 
595 
590 
595 


55 
38 
40 
35 



An exclusive NOR function can be performed by optionally connecting 
output pins 1 and 2. 
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Table 5-12. Macro 13 Characteristics 



INPUT PIN 


OUTPUT PIN 


PHASE 


3, 4, 5 
3, 4, 5 
8, 9, 10 
8, 9, 10 


2 
11 

2 
11 


0in 

0OUt 
0OUt 

0in 


DRIVER 
CIRCUIT 


Rp 


SWITCHING 
TYPE 


T B 


K7 


Low 
Power 


4K 


Tup 0in 
Tdn 0in 
Tup 0out 
Tdn 0out 


550 
390 
430 
390 




2K 


Tup 0in 
Tdn tfin 
Tup 0out 
Tdn 0out 


590 
370 
460 
370 




High 

Power 

Internal 


4K 


Tup 0in 
Tdn 0in 
Tup 0out 
Tdn 0out 


475 
320 
420 
300 




2K 


Tup 0in 
Tdn 0in 
Tup 0out 
Tdn 0out 


505 
305 
450 
285 




High 

Power 

External 


90 


Tup 0in 
Tdn 0in 
Tup 0out 
Tdn 0out 


850 
630 
800 
560 


55 
38 
55 
38 



An exclusive OR function can be performed by optionally connecting 
output pins 1 and 2. 
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Table 5-13. 



Macro 21 Characteristics 



INPUT PIN 


OUTPUT PIN 


PHASE 


8, 9, 10 
8, 9, 10 
3, 4, 5 


1 , 12 
11 
2 


<pin 
<p out 
<po\it 


DRIVER 
CIRCUIT 


Rp 


SWITCHING 
TYPE 


T B 


K6 


Low 
Power 


4K 


Tup (pin 
Tdn (pin 


680 
250 


120 
26 


2K 


Tup (pin 
Tdn <pin 


740 
230 


160 
20 


T U p0out and Tdn^out are equal to 
that of Macro 01. 



must be implemented by a low power cell. The skewed 



The sk eW6(l driver muo o uxs imp i<?juu<cixv^u. uy a iuw y 

driver in-phase output should not drive off-chip. To preserve the 
skew, both outputs always have two pulldown resistors. Both types of 
outputs should have roughly equal loads. Skewed drivers must be used 
for driving the clock inputs of latches. 




Figure 5-12. 3-Input NOR/3 Input 2 Sample Skewed Driver Macro 21 
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Table 5-14. Macro 22 Characteristics 



INPUT PIN 


OUTPUT PIN 


PHASE 


8, 9, 10 
8, 9, 10 


1, 2, 12 
11 


0in 

0OUt 


DRIVER 
CIRCUIT 


Rp 


SWITCHING 
TYPE 


T B 


Low 
Power 


4K 


Tup (pin 
Tdn 4>in 


990 
310 


2K 


Tup 0in 
Tdn <pin 


1150 
280 


Tup pout a Q d Td n 0out are equal to 
that of Macro 01. Tgin the table 
includes the delay time of MEF. 



Refer to Macro 21 for usage. 
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Figure 5-13. 3-Input, 3 Sample Skewed Driver Macro 22 (Half-Macro) 
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Table 5-15. Macro 31 Characteristics 



INPUT PIN 


OUTPUT PIN 

\J\J XX W X X XXI 


PHASE 


1, 4, 5 
1, 4, 5 
8, 9, 10 
8, 9, 10 


1, 12 
2 

1, 12 
11 


0in 

0OUt 

0in 

0OUt 


DRIVER 
PTTICTTTT 


up 


SWITCHING 
TYPE 


n 




XV / 


Low 
Power 


4K 


Tup 0in 
Tdn 0in 


455 
335 


75 
28 




2K 


Tup 0in 
Tdn 0in 


495 
315 


105 
24 




High 

Power 

Internal 


4K 


Tup 0in 
Tdn 0in 


350 
270 


26 280 
16 73 


55 
38 


2K 


Tup 0in 
Tdn 0in 


380 
255 


30 280 
16 61 


55 
38 


High Pwr 
External 


90 


Tup 0in 
Tdn 0in 


710 
570 


30 
16 


55 
38 


^up0out and Tdn 0out are equal to that of the 
Macro 01. 



Macro 31 has no associated scan circuitry. For this reason, it is gen- 
erally used only as a slave in a master-slave type latch. The in- 
phase latch is inherently faster than the out-of-phase latch and will 
function properly with either skewed driver macro. 

Output 1 cannot be deleted nor used as a high power output for driving 
a line chip- off. To produce an out-of-phase output, output ports 11 
and 2 must be dotted outside the macro. 
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5 




0 
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Figure 5-14. In-Phase Latch without Scan-In/Scan-Out Macro 31 




Figure 5-15. Out-of-Phase Latch without Scan- In/ Scan-Out Macro 32 
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Table 5-16. Macro 32 Characteristics 



INPUT PIN 


OUTPUT PIN 


PHASE 


3, 4, 11 
3, 4, 11 


1 

2, 12 


0in 

0OUt 


DRIVER 
CIRCUIT 


Rp 


SWITCHING 
TYPE 




K6 


K7 


Low 
Power 


4K 


Tup 0in 
Tdn 0in 
Tup 0out 
Tdn 0out 


390 
304 
275 
335 


65 
26 




2K 


Tup 0in 
Tdn 0in 
Tup 0out 
Tdn 0out 


430 
285 
305 
315 


90 
22 




High 
Power 

Internal 


4K 


Tup 0in 
Tdn 0in 
Tup 0out 
Tdn 0out 


310 
250 
225 
265 


26 210 
13 68 


40 
35 


2K 


Tup 0in 
Tdn 0in 
Tup 0out 
Tdn 0out 


340 
235 
245 
250 


30 210 
13 62 


40 
35 


High Pwr 
External 


90 


Tup 0in 
Tdn 0in 
Tup 0out 
Tdn 0out 


669 
548 
490 
550 


30 
13 


55 
38 
40 
35 


^up 0in and ^dtipm are equal to that of the 
Macro 01. 



INPUT PIN 


OUTPUT PIN 


PHASE 


9, 10, 12 


11 


0OUt 


^"up 0out and ^ 
Macro 01. 


^dn0out are equal to that of the 



The latch macro has no associated scan circuitry. For this reason, it 
is used only as a slave in a master-slave type latch. 

Output ports 11 and 12 are available for on-chip connections, but they 
cannot drive off-chip. Full fanout on these outputs is not available. 
The external data gates must be present for this latch to work. 

Refer to paragraph 7 for latch rules. 
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Table 5-17. Macro 42 Characteristics 



INPUT PIN 


OUTPUT PIN 


PHASE 


3, 10 


1, 12 


pin 


DRIVER 
CIRCUIT 


Rp 


SWITCHING 
TYPE 




K7 


High Pwr 
External 


90 

(45) 


Tup 0in 
Tdn 0out 


820 (960) 
440 (440) 


39 
11 


M3 is the sum of the loading units of each 
col lector net . 



Buses, bidirectional transmission lines, should only be driven with 
the bus driver macro. The bus driver macro can source enough current 
to drive a 50 ohm line, and has a Vql which is lower than -2.0 volts. 
Noise generation is minimal. A bus driver macro cannot be implemented 
in a lower power cell nor can it drive internal outputs. Normally the 
bus driver macro output connects to two on-chip external emitter fol- 
lowing transistors in parallel. Each input is counted as two bases 
(refer to chapter 2.3.3). 




Figure 5-16. OR Bus Driver Macro 42 (Half-Macro) 
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Table 5-18. Macro 43 Characteristics 



INPUT PIN 


OUTPUT PIN 


PHASE 


3, 4, 10 
3, 4, 10 


1, 12 

2 , 11 


0in 

0OUt 


DRIVER 
CIRCUIT 


Rp 


SWITCHING 
TYPE 




K7 


Hi eh 
Powe r 
Internal 


4K 


Tup 0in 
Tdn (pin 
Tup (pout 
Tdn <£out 


290 
240 
200 
225 




2K 


Tup (pin 
Tdn <j>in 
Tup (pout 
Tdn 0out 


310 
230 
220 
215 




High 

Power 

External 


90 

(45) 


Tup 0in 
Tdn 0in 
Tup <pout 
Tdn (pout 


570 (650) 
531 (541) 
410 (400) 
535 (560) 


28 
20 
20 
18 


M3 of the <j>in is the total loading units of 
the (pin collector nets. 

M3 of the 0out is the total loading units of 
the <£out collector nets. 



This macro is used to drive RAM inputs and to drive off MCC loads, 
has both in-phase and out-of-phase outputs whi ch can drive heavily 
capacitive 50 ohm nets. Macro 43 cannot be implemented in a lower 
power cell (refer to chapter 4). Each input is counted as two bases 



It 




Figure 5-17. OB/NOR Memory Driver Macro 43 (Half-Macro) 



5-24 



LSI Circuit Manual 



AMDAHL COMPANY PRIVATE 



Table 5-19. Macro 0199 Characteristics 



INPUT PIN 



OUTPUT PIN 



PHASE 



3, 4, 5 

3, 4, 5 

8, 9, 10 

8, 9, 10 

15, 16, 17 

15, 16, 17 

20, 21, 22 

20, 21, 22 



1, 13 
2 

1, 13 

11 
1, 13 

14 
1, 13 

23 



0in 

0out 

0in 

0out 

0in 

0out 

0in 

0OUt 



DRIVER 
CIRCUIT 



Rp 



SWITCHING 
TYPE 



B 



K6 



K7 



Low 
Power 



4K 
2K 



Tup 0 
Tdn 0 



Tup 0 
Tdn 0 



815 
560 



75 
28 



855 
540 



105 
24 



High 

Power 

Internal 



4K 



Tup 0 
Tdn 0 



555 
395 



26 280 
16 73 



2K 



Tup 0 
Tdn 0 



585 
380 



30 280 
16 61 



55 
38 



55 
38 



High Pwr 
External 



90 



Tup 0in 
Tdn 0in 



905 
695 



30 
16 



55 
38 



i up0out andTj n!Jout are equal to that of 
the Macro 01. 





23) (S)" (vt)*' (rj) @ 
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Figure 5-18. Macro 0199 
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Table 5-20. Macro 0299 Characteristics 



INPUT PIN 


OUTPUT PIN 


PHASE 


3, 4, 5 
3, 4, 5 
8, 9, 10 
8, 9, 10 
20, 21, 22 
20, 21, 22 
15, 16, 17 


1, 13 
2 

1, 13 
11 

1, 13 
23 
14 


0in 

0OUt 

0in 

0OUt 

0in 

0OUt 

0out 


DRIVER 
CIRCUIT 


Rp 


SWITCHING 
TYPE 




K6 


K7 


Low 
Power 


4K 


Tup 0in 
Tdn 0in 


775 
525 


75 
28 




2K 


Tup 0in 
Tdn 0in 


815 
505 


105 
24 




High 

Power 

Internal 


4K 


Tup 0in 
Tdn 0in 


535 
375 


26 280 
16 73 


55 
38 


2E 


Tup 0in 
Tdn 0in 


565 
360 


30 280 
16 61 


55 
38 


High Pwr 
External 


90 


Tup 0in 
Tdn 0in 


885 
675 


30 
16 


55 
38 


Tup oout and 1 
Macro 01. 


^dnpout are equal to that of the 
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Figure 5-19. Macro 0299 
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Table 5-21. Macro 2399 Characteristics 



INPUT PIN 


OUTPUT PIN 


PHASE 


15 

15, 17 


1, 12, 13 
1, 12, 13 


0 in 

0OUt 


DRIVER 
CIRCUIT 


Rp 


SWITCHING 
TYPE 


T B 


Low 
Power 


2K 


Tup 0in 
Tdn 0in 
Tup 0out 
Tdn 0out 


770 
330 
2270 
1580 


includes the delay time of 
MEF. 




INPUT PIN 


OUTPUT PIN 


PHASE 


15 

15, 17 


2 
2 


0OUt 

0in 


DRIVER 
CIRCUIT 


Rp 


SWITCHING 
TYPE 


T B 


Low 
Power 


2K 


Tup 0in 
Tdn 0in 
Tup 0out 
Tdn 0out 


1570 
1850 
320 
350 




INPUT PIN 


OUTPUT PIN 


PHASE 


8 
8 


1, 12, 13 
2 


0in 

0OUt 


DRIVER 
CIRCUIT 


Rp 


SWITCHING 
TYPE 


T B 


Low 
Power 


2K 


Tup 0in 
Tdn 0in 
Tup 0out 
Tdn 0out 


1220 
680 
670 
800 


includes the delay time of 
MEF. 
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Figure 5-20. Clock Chopper Macro 2399 (Full Macro) 
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Figure 5-21. Out-of-Phase Latch with Scan-In/Scan-Out Macro 3199 
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Table 5-22. Macro 3199 Characteristics 



INPUT PIN 


OUTPUT PIN 


PHASE 


15, 16, 23 
15, 16, 23 


13 
1, 24 


0in 

0OUt 


DRIVER 
CIRCUIT 


Rp 


SWITCHING 
TYPE 




E6 


K7 


Low 
Power 


4K 


Tup 0in 
Tdn 0 i n 
Tup 0out 
Tdn 0out 


410 
324 
265 
325 


65 
26 




2E 


Tup 0in 
Tdn 0 i n 
Tup 0out 
Tdn 0out 


450 
305 
295 
305 


90 
22 




High 

Power 

Internal 


A XT 

411 


Tup 0in 
Tdn 0 i n 
Tup 0out 
Tdn 0out 


320 
260 
220 
260 


26 210 
13 68 


40 
35 


2K 


Tup 0in 
i an 0 l n 
Tup 0out 
Tdn 0out 


350 
245 
240 
245 


30 210 
13 62 


40 
35 


High 

Power 

External 


90 


Tup 0in 
Tdn 0in 
Tup 0out 
Tdn tfout 


679 
558 
485 
545 


30 
13 


55 
38 
40 
35 



INPUT PIN 


OUTPUT PIN 


PHASE 


1, 8, 9 


2 




0OUt 


8, 9, 10 


23 




0OUt 


1, 21, 22 


23 




0OUt 


^up 0out and 
the Macro 01 


T dn 0out are 


equal 


to that of 



LSI Circuit Manual 5-29 



AMDAHL COMPANY PRIVATE 



Table 5-23. Macro 3299 Characteristics 



INPUT PIN 


OUTPUT PIN 


PHASE 


3, 4, 5 
15, 16, 17 
15, 16, 17 
1, 20, 21 
1, 20, 21 


1, 13 
1, 13 

14 
1, 13 

23 


0in 
0in 
0out 
0in 

0OUt 


DRIVER 
CIRCUIT 


Rp 


SWITCHING 
TYPE 




K6 


K7 


Low 
Power 


4E 


Tup pin 
Tdn pin 


715 
470 


75 
28 




2K 


Tup jsin 
Tdn 0in 


755 
450 


105 
24 




High 

Power 

Internal 


4K 


Tup j»in 
Tdn 0in 


500 
345 


26 280 
16 73 


55 
38 


2K 


Tup 0in 
Tdn 0in 


530 
330 


30 280 
16 61 


55 
38 


High Pwr 
External 


90 


Tup 0in 
Tdn pin 


850 
645 


30 
16 


55 
38 


^up^out and ^d n aout are e°» u al to that of the 
Macro 01. 



INPUT PIN 


OUTPUT PIN 


PHASE 


1, 4, 5 


11 


0OUt 


DRIVER 
CIRCUIT 


Rp 


SWITCHING 
TYPE 




K7 


Low 
Power 


4K 


Tup 0out 
Tdn 0out 


250 
315 




2K 


Tup 0out 
Tdn 0out 


280 
295 




High 

Power 

Internal 


4E 


Tup 0out 
Tdn 0out 


210 
255 




2K 


Tup 0out 
Tdn 0out 


230 
240 




High Pwr 
External 


90 


Tup 0out 
Tdn pout 


475 
540 


40 
35 



5-30 LSI Circuit Manual 



AMDAHL COMPANY PRIVATE 



3) ® © 



2 — i 



(3) 



24) rp 



© 



A02690 



Figure 5-22. In-Phase Latch with Scan-In/Scan-Out Macro 3299 



® 



® 
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Figure 5-23. Out-of-Phase Latch with Scan-In/Scan-Out Macro 3399 
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Table 5-24. Macro 3399 Characteristics 



INPUT PIN 


OUTPUT PIN 


PHASE 


15, 16, 23 
15, 16, 23 


13 
1 , 24 


0in 

0OUt 


DRIVER 
CIRCUIT 


Rp 


SWITCHING 
TYPE 




K6 


K7 


Low 
Power 


4K 


Tup 0in 
Tdn 0in 
Tup 0out 
Tdn 0out 


410 
324 
265 
325 


65 
26 




2K 


Tup 0in 
Tdn 0in 
Tup 0out 
Tdn 0out 


450 
305 
295 
305 


90 
22 




High 

Power 

Internal 


4K 


Tup 0in 
Tdn 0in 
Tup 0out 
Tdn 0out 


nnn 

oZU 
260 
220 
260 


26 210 
13 68 


40 
35 


2K 


i up 0 1 n 
Tdn pin 
Tup 0out 
Tdn 0out 


350 
245 
240 
245 


30 210 
13 62 


40 
35 


High 

Power 

External 


90 


Tup 0in 
Tdn 0in 
Tup 0out 
Tdn 0out 


679 
558 
485 
545 


30 
13 


55 
38 
40 
35 



INPUT PIN 


OUTPUT PIN 


PHASE 


1, 8, 9 




2 




0OUt 


8, 9, 10 




SI* 




0OUt 


1, 21, SI* 




23 




0OUt 


"*up 0out and 
Macro 01. 

•Here, SI is 


T dn0out are equal 
the output of the 


to that of the 
scan-in gate. 
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5.3.5 T 



out 



Def ini t ion 



Tout contains the line loading factors. For this reason, it cannot be 
ignored. T 0 ut is a function of the power of the driver circuit, the 
pull down resistor, and the output transition type. It is defined by 
the following parameters: 

MEF 

T out = ^£ [KFB x ((K8 x NONL) + (K9 x NONH) + (K10 x SNONL) 
+ (Kll x SNONH) + (K12 x MNON)) + CFB ] 

1 

If the driver circuit has a sub-output net (same phase other emitter 
follower output), the loading parameters of the sub-output net should 
be considered. 

KFB is the feedback coefficient of the loading delay time (of the 
sub-output net) to the delay time of the main output net. KFB is 
e qu al to 1 when calculating the loading delay of the main output nets. 
CFB is 0 when KFB is used. CFB is co nsidered only when the sub-output 
net is dotted. When this occurs, KFB is 0 and CFB i s u sed. Refer to 
Table 5-25 for main coefficients and Table 5-26 for CFB and KFB. 

Table 5-25. Main Coefficients 



DRIVER 
CIRCUIT 


RP 


TRANSISTION 


K8 


K9 


K10 


Kll 


K12 


Low 
Power 


4K 


UP 
DN 


7.1 
67.4 


13.5 
140.2 


1.2 
-36.0 


2.5 
-75.1 


14.6 
75.0 


2K 


UP 
DN 


7.5 
29.0 


14.0 
60.0 


1.4 
-13.0 


3.0 
-28.0 


15.0 
30.0 


High 

Power 

Internal 


4K 


UP 
DN 


6.5 
67.4 


11.0 
140.2 


1.0 
-36.0 


2.0 
-75.1 


12.0 
75.0 


2K 


UP 
DN 


6.5 
29.0 


11.0 
60.0 


1.0 
-13.0 


2.0 
-28 . 0 


12.0 
30.0 


High Pwr 
External 


90 


UP 
DN 


2.0 
3.0 


3.8 
5.5 


0.4 
-1.2 


0.7 
-2.5 


2.7 
4.2 
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Table 5-26. Feedback Coefficient KFB (CFB) 



DRIVER 
CIRCUIT 


Rp 


OUTPUT 
TRANSISTIGN 


MAIN 
OUTPUT 


SAME | PHASE OTHER OUTPUTS 


Rp 4K 


Rp 2K 


EXT. 


Low 

fSXSTCk !• 

ST U WC * 


4K 


UP 
DN 


1 
1 


U . OO V — rt\J ) 

0.01(0) 


u . o** V — OU ) 

0.03(0) 




2K 


UP 
DN 


1 
1 


0 58 (-"40) 
0.01(0) 


0 64 (-60) 
0.03(0) 




High 

Power 

Internal 


4K 


UP 
DN 


1 
1 


0.22(-15) 
0.00(0) 


0.24(-20) 
0.01(0) 


0.79(-135) 
0.25(30) 


2K 


UP 
DN 


1 
1 


0.22(-15) 
0.00(0) 


0.24(-20) 
0.01(0) 


0.79(-135) 
0.23(30) 


High Pwr 
External 


90 


UP 
DN 


1 
1 


0.22(-15) 
0.0(0) 


0.24(-20) 
0.01(0) 





5.3.6 TgQ De f ini t ion (Bias Driver Interference ) 
TgQ i s de f i ned by the f o 1 1 owi ng f or anil a : 

Tbd^Kbdx^sd-Nod- 1 ) 

where: 



K 



BD 



SD 



N, 



OD 



is the coefficient of ^BD* It is defined for the gate 
power types of the driver circuit and each switching 
type (refer to table 5-27) . 

is the total number of switching bases having the same 
direction and same macro within ±200ps . 

is the total number of switching bases going in oppo- 
site directions and using the same macro within ±200ps 



(NgD ~ - 1) i s equal to 1 for minimum delay calculations. For 
maximum delay calculations assume all gates switch in the same direc- 
tion (Ng£j is maximum) . 
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Table 5-27. T BD Coe f f i c i ent s 



DRIVER 
CIRCUIT 


SWITCHING 
TYPE 


K BD 




Tup 0in 


34 


Low 


Tdn <f>in 


46 


Power 


Tup 0out 


16 




Tup 0out 


36 


High 
Power 
Internal 
or 

High Pwr 
External 


Tup (pin 
Tdn <£in 
Tup out 
Tdn <j>out 


17 
20 
6 
15 



5.3.7 Tgj-jQfp De f i n i t i on 

^EDOT is defined for internal emitter follower dotting and external 
emitter follower dotting as shown in table 5-28. 

Table 5-28. T EDO t ( P s) 



DOT 


INTERNAL 


EXTERNAL 


SIZE 


DOT 


DOT 




UP 


DN 


UP 


DN 


2 


52 


6 


55 


40 


3 


63 


10 


101 


80 


4 


74 


14 


138 


120 


5 


85 


18 


174 


160 


6 


96 


22 


210 


200 


7 


107 


26 


246 


240 


8 


118 


30 


283 


280 



5.3.8 T a dd Definition 

T"add is defined as an additional delay to be added only to the Tup 
transition of an E-dot to compensate for the output switching skew 
(refer to figure 5-24). If used, Tadd=200 pSec. 
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K- T add 
— AT 




(OUTPUT SKEW) 
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Figure 5-24. Definition of T add 



5.4 OFF-CHIP DELAY EQUATION 

The basic section of the off-chip delay is defined (figure 5-25) from 
the macro input pin of the driver circuit to the macro input pin of 
the receiver circuit, similar to the on-chip delay. 

The total delay time (T in ) of the basic section is defined by the fol- 
lowing terms: 

T d " T in + T fanin + T circuit + T out + T BD + T EDOT + T add + T line 
where: 

T in' T fanin> T circuit> T out> T BP> T EDOT» and T add 

have the same meanings as that of the on-chip 
delay equation. 



L line 



T in and T out 



is the delay time of the printed wire, discrete 
wire, coaxial cable, and card connector cross- 
ing. 

are calculated by using the loading parameters 
from paragraph 5.5. 
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PREVIOUS 
STAGE 
CIRCUIT 



2\ 



e-B- 



DRIVER \vV 
CIRCUIT J^" 



0-0 



RECEIVER 
CIRCUIT 



O CHIP CROSSING 

□ VIA OR CARD CROSSING 

A02559 



Figure 5-25. Off-Chip Delay 



5.5 OFF-CHIP LOADING PARAMETERS 

Figure 5-26 illustrates the off-chip loading parameters that are 
described below. 



5.5.1 Definitions 

NINL-n Total number of low power bases including switching and 

non-switching in the LI section of the input net of the cir- 
cuit of interest. 

NINH-n Total number of high power bases including switching and 

non-switching of the LI section of the input net of the cir- 
cuit of interest. 

SNINL-n Total number of low power switching bases in the LI section 
of the input net of the circuit of interest. 

SNINH-n Total number of high power switching bases in the LI section 
of the input net of the circuit of interest. 

MNIN-n Total loading units, except for low power and high power 

bases, in the LI section of the input net of the circuit of 
interest . 
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NINL-f Total number of low power bases including switching and 

non-switching in the L2 section of the input net of the cir- 
cuit of interest. 

NTNH-f Total number of high power bases including switching and 

non-switching in the L2 section of the input net of the cir- 
cui t of interest . 

SNINL-f Total number of low power switching bases in the L2 section 
of the input net of the circuit of interest. 

SNINH-f Total number of high power switching bases in the L2 section 
of the input net of the circuit of interest. 

MNIN-f Total loading units, except for low power and high power 

bases, in the L2 section of the input net of the circuit of 
interest. 

5.5.2 T out Definitions 

NONL-n Total number of low power bases including switching and 
non-switching in the L3 section of the output net of the 
circuit of interest. 

NONH-n Total number of high power bases including switching and 
non-switching in the L3 section of the output net of the 
circuit of interest. 

SNONL-n Total number of low power switching bases in the L3 section 
of the output net of the circuit of interest. 

SNONH-n Total number of high power switching bases in the L3 section 
of the output net of the circuit of interest. 

MNON-n Total loading units, except for low power and high power 

bases, in the L3 section of the output net of the circuit of 
interest. 

NONL-f Total number of low power bases including switching and 
non-switching in the L4 section of the output net of the 
circuit of interest. 

NONH-f Total number of high power bases including switching and 
non-switching in the L4 section of the output net of the 
circuit of interest. 

SNONL-f Total number of low power switching bases in the L4 section 
of the output net of the circuit of interest. 

SNONH-f Total number of high power switching bases in the L4 section 
of the output net of the circuit of interest. 
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MNON-f Total loading units, except for low power and high power 

bases, in the L4 section of the output net of the circuit of 
interest . 

LI and L3 are considered the "near" section of a net which starts with 
the output of the switching gate and extends 1.2" (printed wire) or 
1.6" (discrete wire) towards the load of interest. 

L2 and L4 are considered the "far" section of a net which begins where 
"near" ends and extends 1.2" (printed wire) or 1.6" (discrete wire) 
beyond the load of interest. 

Loading outside LI, L2 or L3, L4 sections of the net do not affect the 
delay of the circuit of interest. 



PREVIOUS 
STAGE 
CIRCUIT 



INPUT 
NET 



DRIVER 
CIRCUIT 



L1 



L2 ■ 



OUTPUT 
NET 



L3 H L4- 



RECEIVER 
CIRCUIT 



L1 * L3» 1.2" PRINTED WIRE 

= 1.6" DISCRETE WIRE A0 2558 



Figure 5-26. Off-Chip Loading Parameters 
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5.6 OFF-CHIP DELAY TERMS 



5.6.1 Tj n Definition 

Table 5-29 lists the T^ coefficients which are defined as follows: 

T:_ = (K13 x NINL-n) + (K14 x NINH-n) + (K15 x SNINL-n) 

+ (K16 x SNINH-n) + (K17 x MNIN-n) + (K18 x NINL-f) 
+ (K19 x NINH-f ) + (K20 x SNINL-f) + (K21 x SNINH-f) 
+ (K22 x MNIN-f ) 

Table 5-29. T;„ Coefficients 



DRIVER 
CIRCUIT 


INPUT 
WAVEFORM 


K13 


K14 


K15 


K16 


K17 


K18 


K19 


K20 


K21 


K22 


Low 
Power 


UP 
DN 


6.2 
7.3 


8.4 
9.6 


3.4 
0.5 


4.8 
0.9 


1.2 
1.3 


6.3 
7.3 


8.6 
9.6 


3.6 
0.5 


5.2 
0.9 


1.3 
1.3 


High Pwr 
Int/Ext 


UP 
DN 


6.2 

7.3 


8.4 

9.6 


3.4 
0.5 


4.8 
0.9 


1.2 
1.3 


6.3 
7.3 


8.6 
9.6 


3.6 
0.5 


5.2 
0.9 


1.3 
1.3 



5.6.2 T QUt Definition 

Table 5-30 lists the T QUt coefficients which are defined as follows: 

T mi+ m (K23 x NONL-n) + (K24 x NONH-n) + (K25 x SNONL-n) 
01 + (K26 x SNONH-n) + (K27 x MNON-n) + (K28 x NONL-f) 
+ (K29 x NONH-f) + (K30 x SNONL-f) + (K31 x SNONH-f) 
+ (K32 x MNON-f ) + KFB x [(K8 x NONL) + (K9 x NONH) 
+ (K10 x SNONL) + (Kll x SNONH) + (K12 x MNON)] 

Table 5-30. T ntti . Coefficients 



DRIVER 
CIRCUIT 


OUTPUT 
TRANSITION 


K23 


K24 


E25 


K26 


K27 


K28 


K29 


K30 


K31 


K32 


High 
External 


UP 
DN 


2.0 
3.0 


3.8 
5.5 


0.4 
-1.2 


0.7 
-2.5 


2.7 
4.2 


CO CO 


5.8 
6.1 


0.6 
-1.4 


1.0 
-2.7 


4.5 
4.8 



5.6.3 T line Definition 

MCC Printed Wire: (X and Y layers) 191 ps/in 

MCC Printed Wire: (Slant layers) 203 psec/in 

SP Printed Wire: 191 psec/in 
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MCC to SP Connector: 
SP to Cable Connector: 
Coaxial Cable: 
Discrete Wire: 



320 psec 
350 psec 
102 psec/in 
114 psec/in 



5.7 RAM MODULE DELAY EQUATIONS 



5.7.1 Definitions of Delay Equation 

Figure 5-27 illustrates the basic RAM Module delay definitions. Basic 
delays consist of three parts. The first part is the entry net delay, 
the second part is the intra-module delay, and the rest is the output 
net delay. Delay time of the driving logic gate is calculated on the 
assumption that the output loading is zero. 

Delay time is defined by the following terms: 

T D 38 T RAM IN = T MODULE + T RAM OUT 
where: 



1 RAM IN = 
T MODULE = 
T RAMOUT = 



the entry net delay time. 

the intra-module delay time. (Pin to pin delay time.) 

the output net delay time. (Delay equation treatment 
of Tft^oUTi 8 similar to the logic to logic delay 
equat ion. ) 



* RAM in 



'MODULE 



RAM 



1 RAMout 



TERM 



TERM 



A02557 



Figure 5-27. Basic RAM Module Delay Definitions 
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5.7.2 Input Net Delay (T RAMIN) 

The RAM input net delay begins at the output pin of the driver and 
ends at the RAM Module input pin. The Tramjn equat ions are shown in 
table 31. The equation used is determined by the number of RAM 
Modules in the net and the distance between the input pins (%[). 
coefficients are shown in table 5-32. 



Table 5-31. Tp^y^ jj^ Equation Formats 



Case 


Number of 
Ram Module 
Input 
Pins 


Distance 
Between 
Input Pins 

(%) 


Equation 


A 


1 




T RAMIN~ K N x C N + K F x C F + 2t 


Bl 


2 


%<% 


^RAMIN 1 * % x C N + K F x C F +it x 
** T RAMIN 2 "% x C N + K F x C F + 2tj_ + K x x 2t 2 


B2 


2 


%>% 


*TRAMIN 1=k N x C N + K F x C F + K R x C A + 2£t 2 + % 
(max) 

^RAMIN 1=K N x C N + K F x C F + 2t x 
(min) 

** T RAMIN 2=K N x C N + K F x C F + £tj + K x x 2t 2 


C 


N 

(N > 3) 




N 

T RAMIN~ K N x C N + K F x C F + 2ti + 2 K-, x 2t ; 

i=2 



*Use for first RAM 
**Use for second RAM 
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Where: 



Lj^j - 1.2 inches of stripline or 1.65 inches of discrete wire. 
Kj^ (Kp) « Degradation Coefficient in the near (far) region. 

* Reflection Degradation Coefficient 
Kl » Line Delay Coefficient 
Cjsf (Cp) * Loading in near (far) region 
C^ " Loading after first RAM 
ltjsj ■ intrinsic line delay of segment n 
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Table 5-32 . Tj^jy^Equat ion Coefficients 



Case 


Loading 
of first 
RAM Module 


Trans i t ion 


n 

min max 


min max 


max 


l 

min max 


A 




Tup 
Tdn 


0.5 4.0 
0.5 6.0 


0.5 6.2 
0.5 6.5 






Bl 


< 250LU 


Tup 
Tdn 


0.5 4.0 
0.5 10.0 


1.2 10.0 
1.2 10.0 


::: 


1.0 2.5 
1.0 1.0 


Bl 


>250LU 


Tup 
Tdn 


0.5 4.0 
0.5 9.0 


1.2 7.0 
1.2 9.0 




1.0 2.5 
1.0 1.0 


B2 




Tup 
Tdn 


0.5 4.0 
0.5 6.0 


0.5 6.2 
0.5 6.5 


8.0 
8.0 


1.0 1.0 
1.0 1.0 


C 




Tup 
Tdn 


0.3 3.0 
0.3 10.0 


0.3 6.2 
0.3 11.5 




1.0 2.0 
1.0 1.0 



5.7.3 Intra-Module Delay (T M0DULE ) 

^MODULE includes intra-chip delay and the delay time of mother board 
pattern in the module. The delay time in relation to the output emit- 
ter follower dotting is not included in Tw^tt t?. Refer to figure 5-28 
and table 5-33. MODULE 
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READ MODE 

BS ( CS ) 

Dout 



Address 



Dout 



WRITE MODE 

Address 

BS { CS ) 
Din 

WE 



Dout 

NOT WRITE MODE 
BS { CS ) 

WE 



{ AB max 
l A8 min 



RB max 
t R8 min 



IX 



X 



X 



x: 



x: 



\ 



XZZJ( 



Ho* 



^8 n 



\3( 



JSAj 



\ 



HO min 
*H8 min .J 



*HA min ^ 



7 
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Figure 5-28. Read and Write Timing Chart 
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Table 5-33. Intra-Module Delay and RAM Timing Requirements < ps ) 



tRB 
fc AA 



*SA 
tSB 
l SD 
fc HA 

*HD 

*WS 

4 WR 

*NWS 

t NWH 



TYPE 


I 


II 


in 


IV 


V 


VI 


vn 


vin 


READ 




















Block Select 


MIN 


1500 


1700 


1400 


1400 


1500 


1300 


1200 


loOO 


Address Time 


MAX 


4500 


4300 


4600 


4600 


4500 


4700 


10300 


4700 


Block Select 


MIN 


1300 


1500 


1300 


1300 


1300 


1200 


1200 


1200 


Recov. Time 


MAX 


4700 


4500 


4700 


a ne\t\ 

4700 


4700 


4800 


10300 


4800 


Address 


MIN 


2300 


2300 


2300 


2200 


2300 


2200 


2300 


2300 


Access time 


MAX 


7200 


7200 


7200 


7300 


7200 


7300 


26700 


7200 


WRITE 




















Write 


MIN 


3200 


3000 


2900 


2900 


3200 


3000 


12600 


3000 


Pulse Width 


MAX 










.... 




.... 


.... 


Address 


MIN 


1500 


1400 


1400 


1500 


1500 


1500 


8500 


1500 


Set Up Time 


MAX 




.... 







.... 


.... 




.... 


Block Select 


MIN 


1300 


1000 


1300 


1300 


1300 


1400 


5600 


1400 


Set Up Time 


MAX 












.... 




.... 


Data 


MIN 


700 


500 


500 


500 


600 


500 


4600 


500 


Set Up Time 


MAX 








.... 




.... 


.... 


.... 


Address 


MIN 


1600 


1500 


1500 


1600 


1600 


1600 


5500 


1500 


Hold Time 


MAX 








.... 


.... 


.... 


.... 


.... 


Block Select 


MIN 


1600 


1300 


1500 


1500 


1600 


1600 


5700 


1600 


Hold Time 


MAX 








.... 


.... 




.... 




Data 


MIN 


2800 


2600 


2700 


2600 


2600 


2600 


5700 


ftp AA 

2500 


Hold Time 


MAX 


















Write 


MIN 


0 


0 


0 


0 


0 


0 


"o 


0 


Disable Time 


MAX 


5800 


5700 


5600 


5600 


5800 


5700 


8800 


5700 


Write 


MIN 


0 


0 


0 


0 


0 


0 


0 


0 


Recov. Time 


MAX 


5800 


5800 


5800 


5800 


5800 


5800 


15800 


5800 


Block Select 


MIN 


1300 


1000 


1300 


1300 


1300 


1400 


5600 


1400 


Release Time 


MAX 


















Write 


MIN 


1600 


1300 


1500 


1500 


1600 


1600 


5700 


1600 


Release Time 


MAX 
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5.7.4 Output Net Delay (Tj^iQUT^ 

Output net delay is defined from the output pin of the RAM module to 
the macro input pin of the receiving circuit. The delay time is 
defined by the following terms and listed in table 5-34. 

T RAM OUT = T OUT + T L1NE + T OUTDOT 
where: 



L OUT 



(K23 x NONL-n) + (K24 x NONH-n) + (K25 x SNONL-n) 
+ (K26 x SNONH-n) + (K27 x MNON-n) + (K28 x NONL-f) 
+ (K29 x NONH-f) + (K30 x SNONL-f) + (K31 x SNONH-f) 
+ (K32 x MNON-f ) (ps) 



T OUTDOT " F01 x ( T EDOT + F02 x 2 x (lt D0T + T add )) 
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NONLn 

NONHn 

SNONLn 
SNONHn 
MNONn 

NONLf , NONHf . . .MNONf 

F01,F02 
T EDOT 

lt D0 T 
T add 

T line 



= total numb e r of low p o we r b a s e s 
including switching and non-switching in 
LN section. 

x total number of high power bases includ- 
ing switching and non-switching in LN 
section. 

» total number of low power switching 
bases in LN section. 

ss total number of high power switching 
bases in LN section. 

= total loading units except for low 
power, high power bases and the switch- 
ing output of the memory module in LN 
section. 

s total loading units except for low 
power, high power bases and the switch- 
ing output of the memory module in Lf 
section. 

= Dot-OR Flag. 

a= delay with the output emitter follower 
dotting. 

as- wire delay with distance between dots. 

as additional delay of dotting specified at 
the UP switching transition only. 



as wire delay in main output net 
Table 5-34. Output Net Delay Times 



OUTPUT 
TRANSISTION 


K23 


K24 


K25 


E26 


K27 


K28 


K29 


K30 


K31 


K32 


UP 
DN 


3.0 
2.9 


4.8 

5.4 


0.8 
-0.7 


2.5 
-1.5 


6.7 
7.0 


2.3 
1.8 


3.6 
3.5 


0.6 
-0.4 


1.9 
-0.9 


4.9 
5.3 
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Output Dotting: 

FlagFOl: If output dotting exists, regardless of whether it is 

inside or outside of the RAM module, the flag is a 1. When 
using Type I, Type VI, or Type VII module, F01 is always a 
1. In all other conditions, the flag becomes a 0. 

Flag F02: Flag F02 is used only with the block-select path delay. 

When all four conditions listed below are satisfied simul- 
taneously, the flag becomes a 1. In all other conditions, 
the flag becomes a 0. 

1. Dotting is outside of the RAM module. 

2. Dotting is between the outputs of different chips. 

3. Distance between the dots e DOT is > LqoT (1.2 inches of strip 
line or 1.65 inches of discrete wire). 

4. RAM module of interest is not placed at the position farthest 
from the terminator. 

RAM MODULE OUTPUT LOADING is given in paragraph 5.8.2. All Loading 
parameters are as defined in paragraph 5.5. 

TgjjQrp is defined by the following: 

T EDOT ( U P) = ( N DOT ~ 1} x 100 in pSec - 
T EDOT (Down) = (Nqot ~ D x 200 in pSec. 
where: 

NjjQrp is the total number of emitters dotted. This includes 
dots both inside and outside the module. 

Tadd is used for the up transition only. 

T add » 200 P Sec * 
Refer to figure 5-25 . 

5.7.5 Examples of Entry Net Calculations 

Refer to the example given in figure 5-29 for the calculation when a 
driver's fan-out is 1 input pin. 
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Type MB76001 Address input 



strip line 



9 cm 



RAM 
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Figure 5-29. Driver Fan-out is One Input Pin 

T RAJVL IN ( max ) * K N x C N * K F x C F + Lt l 
where: 

Kjsj , Kp - maximum value in Down 

C|sj * loads at output of LSI + Via 

Dp - maximum value of LmODULE+ lead extension of R-pack. 

"Loads at output of LSI" include the lead extension, via and other 
output loading units (<*L) . "Lj^qdULE" includes the RAM input loading 
units, lead extension and via. 

In actual value : 

Tn AM m (max) * 6.0 x (<*L + 6) + 6.5 x (215 + 2.8 + 6 + 18) + 5 x 

rCAM. UN 70 m 1957 ? + q x ah (pg) 

Up-min 

T RAM. IN ( min ) 588 % x C N + K F x C F + Lt l 
where: 

K|sj , Kp 9 minimum value in Up 

Cj^ = loads at output of LSI + via 



= minimum value of L 



MODULE 



+ lead extension of R-pack 



In actual value: 



TWm to (min) » 0.5 x (<*L + 6) + 0.5 x (131 + 2.8 + 6 + 18) + 5 x 70 
HAM. IN 431,9 + 0 .5 x «L (pa) . 
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Refer to the example given in figure 5-30 for entry net calculation 
when a driver's fan-out is 2 input pins. 



Type MB76002 WE input 

(Distance between input pins, is 2.5 cm ) 



• L 2 »2.5 cm - 



via 2 



strip line 



RAM 




RAM 


1 




2 
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Figure 5-30. Driver Fan-out with Two Input Pins (Up-Min) 

Up-max 
RAM 1 

T RAM. IN < max ) 3 %xC N + K F xC F + Lt x 
where: 

Kjsj, Kp s maximum value in Up 



of Li 
C F =0 
In actual value: 



= Loads at output of LSI + via 1 + via 2 + maximum value 



MODULE 



x 2 + lead extension of R-pack. 



Td AM ttnt (max) = 4.0 x (<*L + 6 + 6 + (113 + 2.8 + 6) x 2 + 18) + 2.5 

x 70 = 1269.4 + 4.0 x *L (ps) 

RAM 2 

T RAM. IN ( max ) = Kjsj x C N + Kp x Cp + Ltj + Kl x Lt2 
where : 

Kjsj, Kp , Cjyj > Cp as same as RAM 1 case. 
Kj^ 9 maximum value in Up 

In actual value: 

TpAM TM ( max > = 4 -° x <- al + 6 + 6 + < 113 + 2 - 8 + 6) x 2 + 18) + 2.5 
KAM - MN x 70 + 2.5 x 2.5 x 70 = 1706.9 + 4.0 x «L (ps) 
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In these cases the concept of load is "Totalized". Therefore, the 
same, value in Cn^s used in both calculations. "Near" and "far" are 
determined by the position of RAM 1. 

Refer to the example given in figure 5-31 for the calculation when a 
driver's fan-out is 2 input pins. 



E> 



3 cm % 



RAM 
1 



RAM 
2 



Typ« MB78003 Otn input 

( Oistanot betwt«n input pint. L 2 , is S 9 ™) 
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Figure 5-31. Driver Fan-out with Two Input Pins ( Up-Max ) 
Down-Max 
RAM 1 

T RAM, IN ( max ) 38 K N x C N + KF x C F + (%xC A + 2x Lt 2 ) + Lt x 
where: 

Kjsj, Kp, » maximum value in Down 



Cp 



In actual value: 



loads at output of LSI + maximum value of %iODULE 
via 



= 0 



maximum value of LmODULE + l ea d extension of 
R-pack. 



Tr>AM tn (max) 9 6.0 x (<*L + 70 + 2.8 + 6 + 6) + 8.0 x (70 + 2.8 + 6 

+ 18) + 2 x 5 x 70 + 2 x 70 » 2123.2 + 6 x *L (ps) 

RAM 2 

T RAM.IN ^RAM. IN ( max ) ~ %I x "** ^F x ^F * ^*1 + %, x ^2 
where: 

Kj^, Kp = same as for RAM 1 case 



5-50 



LSI Circuit Manual 



AMDAHL COMPANY PRIVATE 



Cjvj = loads at output of LSI + maximum value of L]y[ODULE 

via + ; 
R-pack 



= via + maximum value of LjviODULE + ^ eac ^ extension of 



K L = maximum value in Down 
In actual value: 

Tram tn (max) = 6.0 x (<*L + 70 + 2.8 + 6) + 6.5 x (6 + 70 + 2.8 + 6 

+ 18) + 2 x 70 + 1.0 x 5 x 70 = 1631 + 6 x <*L (ps) 

Down-Mi m 
RAM 1 

Tram, in fa* 11 ) - Kn x + Kp x Cp + Lt^ 

where : 

Kjj, Kp a minimum value in Down 

Cjj » loads at output of LSI + minimum value of L^ODULE + v * a 
C F = 0 
In actual value: 

T RAM IN ( min ) ~ °- 5 x ( aL + 31 + 2.8 + 6) + 2 x 70 = 159.9 + 0.5 x 



*L (ps) 



RAM 2 



T RAM. IN ( min ) s K N x C N * K F x C F + Lt l + K L x Lt 2 
where: 

K^j, Kp = same as RAM 1 case 

C^ a loads at output of LSI + minimum value of Lj^qdulE 

Cp = via + minimum value of Lj^QQyjjg + l^ad extension of 
R-pack 

Kl = minimum value in Down 
In actual value: 

TpAM tn s 05 x-(«L + 31 + 2.8 + 6) + 0.5 x (6 + 31 + 2.8 + 6 +18) 
xtAiVi, JIN + 2 x 70 + 1.0 x 5 x 70 = 541.8 + 0.5 x <* L (ps) 

The load is calculated to each RAM independently. The criteria of 
region ("near" or "far") is defined by the position of RAM module of 
interest. When the RAM 1 is of interest, the via is included in the 
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load of RAM 1. However, in the case of RAM 2, it is considered to be 
in a H far T region. 

Refer to the example given in figure 5-32 for the calculation when a 
driver's fan-out is 4 input pins. 



L^IO 601 L 2 =2.5 cm L 3 «2.5 cm L 4 »2.5 cm 



E> 



RAM 

1 



RAM 
2 



RAM 
3 



RAM 
4 



Type MB76007 Din input 

L-j is discrete wire, others are printed line. 
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Figure 5-32. Driver Fan-out with Four Input Pins 

RAM 1 

T RAM. IN ( max ) + K F xC F + Lt x 
where: 

Kjsj, Kp = maximum value in Up 



= loads at output of LSI 



■« maximum value of L 



MODULE 



x 4 + lead extension of R-pack 



In actual value: 



1p am tm (max) = 3.0 x <*L + 6.2 x ((137 + 2.8 + 6) x 4 + 18) + 10 x 
itiWLUN 60 = 4227.4 + 3.0 x 4 (pa) 

RAM 2 

^RAM. IN ( max ) 35 K N x + % x ^F * ^1 + K L x ^2 
where: 

Kj^, Kp, Cjp Cp 9 same as for RAM 1 case 
Kl « maximum value in Up 

In actual value: 

T RAM tm (max) * 3.0 x <*L + 6.2 x ((137 + 2.8 + 6) x 4 + 18) + 10 x 
tiAMm iiN 50 + 2.0 x 2.5 x 70 - 4577.4 + 3.0 x <*L (ps) 
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RAM 3 



T RAM. IN ( max ) = K N x C N + Kp x Cp + Lt^ + K L x + K L x Lt 3 
In actual value: 



L RAM. IN 



(max) = 4927.4 + 3.0 x <*L (ps) 



RAM 4 



T RAM.IN ( max ) = K N x C N + Kp x Cp + Ltj + K L x (Lt 1 + Lt 2 + Lt g +• Lt 4 ) 



In actual value: 



L RAM. IN 



(max) « 5277.4 + 3.0 x <*L (ps) 



5.8 CAPACITIVE LOADING 

To normalize the loading capacitance, the loading unit (LU) is used. 
A loading unit is defined as the capacitance of a low power switching 
base which is approximately 0.1 pF. 

5.8.1 On-Chip Metal izat ion Capacitance 

Tables 5-35 through 5-39 list the load units for specific calcula- 
tions . 

Table 5-35. Macro Multiple Base Input (Excluding Bases) 



MACRO 
NUMBER 


INPUT 
PIN 


LU 


LOW POWER HIGH POWER 


2399 


15 


0.94 




3199 

3399 


8 
9 


0.20 
0.20 


0.16 
0. 16 


3299 


4 
5 


0.20 
0.20 


0.16 
0.16 
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Table 5-36. Macro Re-entry Pin (Excluding Bases) 



MACRO 
NUMBER 


INPUT 
PIN 


LU 


LOW POWER HIGH POWER 


31 


1 
11 


0.24 
0.37 


0.21 
0.35 


32 


12 


0.34 


0.26 


3199 


1 
23 


0.94 
0.93 


0.99 
0.88 


3299 


1 


0.71 


0.66 


3399 


1 
23 


0.76 
0.27 


0.75 
0.25 



Table 5-37. Intra Macro Net without Pin (Excluding Bases) 



MACRO 
NUMBER 


INPUT 
PIN 


LU 


LOW POWER HIGH POWER 


3399 


SI* 


0.42 0.40 


*SI = output of a scan-in gate. 



Table 5-38. Wiring Segments (MNIN, MNON) 



SEGMENT 


LU/GRID 


First layer for the connection of Ext . EF and 
chip I/O pad 


0.12 


First layer for Ext. EF dotting 


0.0594 


First layer for the connection of macro I/O 
pins 


0.0324 


Second layer for the connection of Ext. EF and 
chip I/O pad 


0.083 


Second layer for Ext. EF dotting 


0.034 


Second layer for the connection of macro I/O 
pins 


0.0156 
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Table 5-39. Wire Loading Units 



WIRE SEQ. 

NO. FOR 
CHIP I/O 
PIN 


LU 


WIRE SEQ. 

NO. FOR 
CHIP I/O 
PIN 


LU 


WIRE SEQ. 
NO. FOR 

EXT 

EF BASE 


LU 


1 


1.05 


41 


1.05 


1 


0.95 


2 


1.28 


42 


1.28 


2 


0.90 


3 


1.14 


43 


1.14 


3 


1.25 


4 


1.40 


44 


1.40 


4 


1.08 


5 


1.32 


45 


1.32 


5 


1.08 


6 


1.50 


46 


1.50 


6 


0.99 


7 


1.33 


47 


1.33 


7 


1.34 


8 


1.60 


48 


1.60 


8 


1.22 


9 


1.49 


49 


1.49 


9 


1.24 


10 


1.77 


50 


1.77 


10 


1.11 


11 


1.77 


51 


1.77 


11 


1.49 


12 


1.49 


52 


1.49 


12 


1.32 


13 


1.60 


53 


1.60 


13 


1.32 


14 


1.33 


54 


1.33 


14 


1.22 


15 


1.50 


55 


1.50 


15 


1.60 


16 


1.32 


56 


1.32 


16 


1.44 


17 


1.40 


57 


1.40 


17 


1.45 


18 


1.14 


58 


1.14 


18 


1.32 


19 


1.28 


59 


1.28 


19 


1.78 


20 


1.05 


60 


1.05 


20 


1.78 


21 


1.43 


61 


1.43 


21 


1.32 


22 


1.25 


62 


1.25 


22 


1.45 


23 


— 


63 


— 


23 


1.44 


24 


1.14 


64 


1 . 14 


24 


1.60 


25 


1.20 


65 


1.20 


25 


1.22 


26 


1.05 


66 


1.05 


26 


1.32 


27 


1.12 


67 


1.12 


27 


1.32 


28 


0.99 


68 


0.99 


28 


1.49 


29 


1.05 


69 


1.05 


29 


1.11 


30 


1.06 


70 


1.06 


30 


1.24 


31 


1.06 


71 


1.06 


31 


1.22 


32 


1.05 


72 


1.05 


32 


1 .34 


33 


0.99 


73 


0.99 


33 


0.99 


34 


1.12 


74 


1.12 


34 


1.08 


35 


1.05 


75 


1.05 


35 


1.08 


36 


1.20 


76 


1.20 


36 


1.25 


37 


1.14 


77 


1.14 


37 


0.90 


38 




78 




38 


0.95 


39 


1.25 


79 


1 . 25 


39 


1.49 


40 


1.43 


80 


1.43 


40 


1.27 



(continued) 
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Table 5-39. Wire Loading Units (continued) 



WIRE SEQ. 
NO. FOR 

EXT 

EF BASE 


LU 


WIRE SEO 
NO. FOR 

EXT 

EF BASE 


LU 


WIRE SEO 
NO FOR 

EF BASE 


LU 


41 


1.63 


81 


1 . 08 


121 


0 . 99 


42 


1.40 


82 


0 . 99 


122 


0 ! 77 


43 




83 


1 .34 


123 


1 . 06 


44 


0 . 79 


84 


1 * 22 


124 


0 83 


45 


0.99 


85 


1 24 


125 


0.93 


46 


0.77 


86 


1 . 11 


126 


0.81 


47 


1.06 


87 


1 . 49 


127 


1 . 01 


48 


0 . 83 


88 


1. 32 


128 


0^77 


49 


0.93 


89 


1 . 32 


129 


0.86 


50 


0.81 


90 


1 .22 


130 


0 ] 82 


51 


1.01 


91 


1 . 60 


131 


o!94 


52 


0 . 77 


92 


1 . 44 


132 


0 . 81 


53 


0 . 86 


93 


1 . 45 


133 


0^93 


54 


0.82 


94 


1 .32 


134 


0 . 93 


55 


0.94 


95 


1 .78 


135 


0.81 


56 


0.81 


96 


1.78 


136 


0 . 94 


57 


0.93 


97 


1.32 


137 


0.82 


58 


0.93 


98 


1.45 


138 


0.86 


59 


0.81 


99 


1 .44 


139 


0.77 


60 


0.94 


100 


1 .60 


140 


1 .01 


61 


0.82 


101 


1.22 


141 


CL81 


62 


0 . 86 


102 


1.32 


142 


0.93 


63 


0.77 


103 


1 .32 


143 


0 . 83 


64 


1 .01 


104 


1 .49 


144 


1 . 06 


65 


0.81 


105 


1 11 

X « X X 


145 


0 . 77 


66 


0 '. 93 


106 


1 24 


146 


0 . 99 


67 


0 ! 83 


107 


1 22 

X . XI X4 


147 


0 . 79 


68 


1 .06 


108 


1 34 


148 




69 


0.77 


109 


0 . 99 


149 


1.40 


70 


0 99 


110 


1 08 


150 


1 63 


71 


0^79 


111 


l!08 


151 


1.27 


TO 




112 


1 . 25 


152 


1 . 49 


73 


1.40 


113 


0.90 


153 




74 


1.63 


114 


0.95 


154 




75 


1.27 


115 


1.49 


155 




76 


1 . 49 


116 


1 . 27 


156 




77 


0 . 95 


117 


1.63 


157 




78 


0.90 


118 


1.40 


158 




79 


1.25 


119 




159 




80 


1.08 


120 


0.79 


160 
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5.8.2 Off-Chip Metalization Capacitance 

Table 5-40 lists the RAM input/output loading units. 

Table 5-40. RAM Input/Output Loading 



LOADING IN 


Address 


Din 


BS* 


WE 


DOUT 


LU MODULE 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


1 


131 


215 


29 


77 


151 


228 


41 


57 


28 


38 


2 


138 


214 


71 


107 


261 


346 


90 


113 


13 


35 


3 


131 


215 


31 


70 


123 


167 


97 


122 


13 


35 


4 


67 


91 


72 


117 


123 


167 


95 


119 


13 


35 


5 


137 


205 


113 


147 


151 


209 


41 


56 


13 


35 


6 


68** 


92 


70 


92 


76 


104 


90 


114 


64 


92 


6 


149* * * 


234 


















7 


171 


343 


90 


137 


43 


78 


40 


66 


46 


60 


8 


136 


230 


152 


206 


76 


107 


90 


114 


139 


172 



*BS in Modules 1 thru 6 and 8 are the same as CS in Module 7 
**A0, Al 
***A2-A7 



LSI Chip Carrier Crossing: 24 LU 

(Does not include chip metalization or Base/Emitter capacitance, 
typical value for a two-base chip crossing is 30 LU) 

Lead Extension for R-pack on MCC: 6 LU 

(Includes vias connected to Lead Extensions) 

Lead Extension for RAM Module inputs and outputs: 8.8 LU 

(Includes vias and bonding pads connected to the Lead Extension) 

Via on MC: 6 LU 

Via on SP: 6 LU 

MCC to SP Connector: 10 LU 

SP to Cable Connector: 20 LU 

Stub: 

MCC Printed Wire: 19 LU/in 

SP Printed Wire: 19 LU/in 

Discrete Wire: 10 LU/in 

MCC to SP Connector: 80 LU 
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5.8.3 Delay Prediction for Accuracy and Tolerance 

The delay equation is simply a mathematical model of a physical phe- 
nomenon that allows us to predict the performance of nets before the 
hardware is actually built. Due to the complexity of the phenomenon 
and the large number of nets to be analyzed, simplifications have been 
made to the model. These s impl i f i cat ions require that restrictions be 

laced on the designer to ensure that critical nets are predictable. 

n addition, certain elements change characterises with temperature, 
voltage and normal processing variations. Therefore, the following 
tolerances have been assigned: 

Amdahl Custom ECL LSI basic gate delay (Tg) = ±30% 

Transmission media: printed trace, wire connectors, etc. = ±5% 
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CHAPTER 6 - CHIP DESIGN 



6 . 1 CELL FEATURES 

Each LSI chip contains 100 cells arranged in a 10 x 10 array. Up to 
400 3 input OR/NOR gates can be defined and interconnected on any LSI 
chip. Each cell, according to its position in the array, is desig- 
nated either high or low power. The high power cells have larger 
transistors and smaller value resistors than the low power cells. 
They are intended for driving the large emitter followers outside the 
array. When driving off-chip, signals must be generated by high power 
cells through the large emitter followers. Signals internal to the 
chip, may be driven by transistors. High power cells have somewhat 
larger transistors for the current switches, but include small tran- 
sistors for emitter followers. This allows output signals from high 
power cells to be used on-chip to reduce power usage. In high power 
cells, the small emitter followers can be bypassed if it is necessary 
to provide a connection to a larger transistor for driving off-chip. 
Signals which are driven by large transistors are called external out- 
puts. 



6.2 CHIP TOPOGRAPHY 

A detailed discription of cell structure is given in the following 
paragraphs . 



6.2.1 Cell Numbering 

To provide for an automated cell placement and routing procedure, all 
pads cells, external emitter followers and routing lanes are numbered. 
Figure 6-1 shows the numbering scheme. Cells are numbered from 00 to 
99, pads from P01 to P84, external emitter followers from X001 to 
X152, wiring rowis, from Rl to R488, and wiring columns from CI to C411. 
The die itself is always oriented, for reference purposes, with the 
large VCC pads at the top and bottom, and the large VEE pads at the 
sides. I/O pads are P01 through P80 , except for P23 , P38, P63 and 
P78. They are numbered counter-clockwise starting from the top right 
corner. Power pads are P81 through P84, plus P23, P38, P63 and P78. 

External emitter followers are numbered starting from the top right 
corner. There are eight groups of 19 transistors. The maximum possi- 
ble number of external emitter followers dotted together is 19. Con- 
ditions limiting emitter dotting are discussed in paragraph 6.3. 

Rows are numbered from bottom to top; columns from left to right. 
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There are two diffusion patterns for LSI cells. The two diffusion 
patterns enable cells to be high or low power. These diffusion pat- 
terns are placed in fixed positions as shown in figure 6-2. Cell 01, 
for example, can only be high power due to its position. Whereas, 
Cell 54 can only be low power. 
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Figure 6-1. LSI Cell Numbering (Chip Top View, Cooling STUD Down) 
6.2.2 Cell I/O 

The wiring channel s are used to interconnect macros. There are 22 
first metal channels running horizontally over the cells, and 26 sec- 
ond metal channels running vertically. To simplify the design automa- 
tion process, the wiring between cells is connected to the outside 
wiring grid through fixed I/O hitpoints. There are a total of 24 hit- 
points, of which 16 are input ports and 8 are output ports. These 
port locations are shown in figure 6-3. Ports 3-10 and 15-22 are 
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input ports. Associated with each output port is one or two resistors 
connected to VEE. If a macro does not use a particular output port, 
that port can become an Rp port. An Rp port consists of one 4.0 Kohm 
pulldown resistor connected to VEE. An internal net which would not 
otherwise have a pulldown resistor can be connected to an Rp port. 

Input ports 3 and 5 go to a dual (common collector) transistor. Any 
macro which uses port 5, for example, and not port 3 would have the 
base of the port 3 transistor shorted to its emitter. In other words, 
the parasitics associated with unused halves of dual transistors can- 
not be eliminated. Input port pairs 8/9, 15/17, and 20/22 also have a 
dual (common collector) transistor. Unused input ports can completely 
disconnect their transistors from the circuits. 
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Figure 6-2. High/Low Power Cell Placement 

In figure 6-1, I/O port numbers are shown in their normal macro posi- 
tions. All macros can assume a flipped orientation. In this case, 
the port number Nf in the flipped position can be found by using the 
normal position port number Nn and the fol lowing equat ions . 
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If Nn < 12, Nf = Nn + 12 

If Nn > 13, Nf = Nn - 12 

Logic diagrams show macros with maximum available inputs and outputs 
( see chapter 5) . 



i 

Mill 

i i i i I i I i i r i i 

-4-4- 4- 4 4- 4-4- 4* 4- 4-4* 4- 4 
-4-4-4-4- + 4-4- + 4-4-4*4»4- 

•++ttttt f t++f + 

-44 4 444+444444 
•444444++++ 
'4» + + + + f + 4++ + + + 
-44444+44 4 4 44+ 




MINI 
III! 
© I I M ©I I I 
44 4 44 4 4 444- 
44 + 4- 
44 4 444 44 44- 
4tt44+t+4+- 
4-4- 44444 44+- 
+444444 4 44- 
4*4- 44444+++- 
44- 

+++4++4+++« 
+444444444- 
4 4 44- 

I I I I I I I I 

I I I I I I 
! I I \ i I I 



-f PULL USE 

— FIRST METAL ONLY 

! SECONO METAL ONLY 

® MACRO I/O PORT 

m I/O PORT NUMBER 

A02516 



Figure 6-3 . Interconnect Grid and I/O Hit Ports (Full Macro) 
6.2.3 Average Interconnect Length 

The precise signal propagation delay from one macro to another depends 
on, among other factors, the length of the interconnection. In order 
to estimate propagation delays on-chip , an average interconnection 
length can be used . The average interconnect ion length for gate 
arrays is 1.5 to 1.7 times the center-to-center spacing of macros. 
For LSI, the average center-to-center spacing of macros is 357u . An 
average interconnect length is 600u. 
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Using a typical figure of 40 milliohms per square for the aluminum 
interconnect resistance, the total dc resistance of the average inter- 
connect is 6 ohms. The ac resistance will be approximately the same. 

When several gates from the same cell have outputs dotted together, as 
is often the case, smaller values of interconnect length should be 
used to estimate the propagation delay. The length of interconnect 
from emitter to emitter will be approximately 160u, while the total 
net length is 600u. 



6.2.4 Emitter Followers 

Surrounding the cell array are 152 common-collector transistors used 
for driving off-chip 90 ohm nets. There are 76 signal I/O pads, any 
of which could be used for an output to a 90 ohm net. There are more 
emitter followers available than pads to allow for a high degree of 
emitter dotting. For example, if a particular chip has 36 outputs, 
there are 28 high power cells to drive the large emitter followers. 
Each cell can have 8 outputs, for a total of 224 high power outputs. 
This is more than the number of large emitter followers available. 
For this reason, not all high power cell outputs can drive off-chip. 
Of the 224 possibilities, however, only about half are independent. 
The other half is complementary outputs or second copies. There are 
enough large emitter followers to drive all the independent high power 
outputs which can be generated on a chip. 

6.2.5 Bonding Pads 

A total of 76 pads are available for I/O signals. Pads P23, P38 , P63 
P78, P81 and P83 are VCC pads. The VCC pads are used to minimize the 
voltage drop from internal chip VCC busses to system ground. Pads P82 
and P84 are used for VEE. Pads P82 and P84 are wider to allow for two 
to three bonding wires each, depending on wire diameter. 

The resistance of a packaged I/O pin, from the external package lead 
to the bonding pads, depends on the pin number in question. Pin and 
bonding wire resistance will be less than 0.1 ohm. An input would 
have an additional 6 ohm resistance from the pad to the input macro, 
and an output would have an additional 0.2 ohm resistance from the 
external emitter follower E-port to the pad. 

Pads are implemented with both layers of metal . I/O signal pads P01 
and P20 have 8 possible interconnection wire hit points on R488 of the 
grid. P41-P61 have 8 hitpoints on Rl . On CI and C411 of the grid, 
signal pads have 9 hitpoints. 
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6.3 ON-CHIP DESIGN RESTRICTIONS 

On-chip design restrictions are given in the following paragraphs 



6.3.1 Macro Outputs 

In general , each current switch can have two outputs designated as 0in 
or OR phase output and 0out or Nor phase output. One current switch 
phase of a low power macro can drive up to three internal emitter fol- 
lowers, if they are available in the macro. Macro 22, for example, 
has 3 in-phase outputs. 

For high power macros, if available, each phase of a current switch 
can drive one external emitter follower, three internal emitter fol- 
lowers, or one internal and one external emitter follower. There are 
exceptions for some high power macros in that the outputs may be 
internal only, as, for example, output PI on Macro 3299. 



6.3.2 Fan Out 

The following fan out limits apply to all on-chip nets. 

A. Critical Nets: 

Clock nets can drive up to 5 bases. One ECL gate input is def ined .to„be 
one base. Nets critical or non critical that drive a NOR gate that drives^ of f- 
chip can have a maximum of 10 bases. 

B. Non Critical Nets: 

The maximum fan out on-chip is 31 bases providing the following condi- 
t ions are met : 

1. Maximum "unit load" < 20 

A "unit load" is defined as: 

1 high power base = 1.0 unit load 
1 low power base = 0.33 unit load 

"Unit load" should not be confused with loading units (LU) . 

2. When the driving gate has multiple emitter followers, a high 
power gate should be used for the driver. 

3. The metal length between the driver and the load gates should 
be no longer than 10mm. (See paragraph 6.4 for length 
restrict i ons . ) 

4. The pull down resistor(s) should be connected at the output 
port of the driving gate. 
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6.3.3 Emitter Dotting 

The following limits apply to all on-chip nets: 

Critical Nets 8 emitters maximum 

Non Critical Nets 16 emitters maximum 

Collector Dot Gates 8 emitters maximum 

Table 6-1 contains a list of macro outputs which cannot be dotted. 



Table 6-1. EF Dotting Restrictions 



MACRO 


OUTPUT PORT 


COMMENTS 


21 
31 
32 
3199 
3299 
3399 


All (Skewed Driver Only) 
1 

11,12 
1,23 
1 

1,23 


Feedback Loop 
Feedback Loops 
Feedback Loops 
Feedback Loop 
Feedback Loops 



6.3.4 Multiple Emitter Output (Macro 02, 21, 22) 
No more than 1 external EF per gate per phase. 



6.3.5 Special Outputs 

Table 6-2 lists the macros with outputs that contain multiple emitter 
followers for counting purposes. 



6.3.6 Gate Inputs (Bases) 

Multiple inputs of the same gate should not be tied together. 
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Table 6-2. Macros with Multiple Emitter Followers 



MACROS 



UNIT 



REMARK 



31 , -State 
3299, -State 

12, -Out 

13, -Out 

42, +Out 

43, -Out 
43,+Out 



2 
2 
2 
2 
2 
2 
2 



NOR Internal EF 

NOR Internal EF 

NOR Internal EF, External EF 

NOR Internal EF, External EF 

OR External EF 

NOR External EF 

OR External EF 



Internal EFs and external EFs can be dotted only within respec- 
tive groups. An internal EF cannot be dotted with an external 
EF. 

When two or more internal EFs are dotted, two pulldown resi- 
stors must be used as terminators on-chip. 

When Macro 42 is used as a RAM driver, the output of Macro 42 
cannot be dotted. 

"On-chip EF-Dot" of external EF of M42 cannot drive on/off-chip 
loads. EF-Dot of M42 is made as an "off-chip EF-Dot." "On- 
chip EF-Dot" means EF-Dot is within the same chip and is using 
one LSI pin for off-chip driving. "Off-chip EF-Dot" means EF- 
Dot is through the LSI chip. 

"On chip EF Dot" of external EF of M43 can drive off-chip loads 
through one LSI pin when the output is dotted OR. 



6.4 LIMITATIONS OF INTERNAL NET WIRE 

A main line is defined as a line connecting a driver of interest to a 
receiver gate of interest. The equation that follows should be 
applied to all combinations of driver gates and receiver gates on a 
net . 



L N > 



where : 



# of stubs 



N = 1 



((NWL%) x (KL (NLPB N ) + KH (NHPB N ) + KR (NPD N )) 



NWLDjvj Normalized wire length from the driver gate of interest 
to stub n. 



NLPB N 
NHPB N 



NPD 



Total number of low power bases on stub n. 
Total number of high power bases on stub n. 
Total number of pull down resistors on stub n. 
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In Wire length of the first metal (urn) + 2/3 x wire length 

of the second metal (urn). Thus, In is the normalized 
wire length from the driver gate of interest to stub n. 

KL 0.005 

KH 0.015 

KR 0.5 

Ljsj (limited length) is defined in table 6-3. 

Table 6-3. (Limited Length) 



^^^-^RECEIVER GATE OF INTEREST 
DRIVER GATE OF INTEREST ""^^^^ 


high power gate 
with external 
"NOR" output 


high power gate 
without external 
"NOR" output and 
low power gate 




without same phase 
other output 


3000 um 


5GOO um 


low 


with 


total #of Rps on same 
phase other outputs - 1 


2600 


4600 


power 


same 
phase 


total #of Rps on same 
phase other outputs - 2 


2200 


4200 


gate 


other 
outputs 


total # of Rps on same 
phase other outputs - 3 


1800 


3800 






total # of Rps on same 
phase other outputs = 4 


1400 


3400 




without same phase 
other output 


3500 


.5500 




with 
only 


total # of Rps on same 
phase other outputs = 1 


3350 


5350 


high 


internal 
outputs 


total # of Rps on same 
phase other outputs - 2 


3200 


5200 


power 


on same 
phase 


total # of Rps on same 
phase other outputs = 3 


3050 


5050 


internal 


other 
outputs 


total # of Rps on same 
phase other outputs - 4 


2900 


4900 


gate 


with an 
external 


total # of Rps on same 
phase other outputs =* 0 


2000 


4000 




output on 
same phase 


total # of R ps on same 
phase other outputs = 1 


1850 


3850 




other 
outputs 


total #of Rps on same 
phase other outputs - 2 


1700 


3700 
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In counting the number of bases on each stub, the following macros 
should be counted as follows: 

Macro 43 = 2 x high power bases/ fan out 
Macro 42 = 3 x high power bases/fan out 

If the receiver gate of interest is Macro 12 or 13 with external out- 
puts, the LN (limited length) of the external "NOR" gate should be 
appl i ed . 

In counting the wire length, the following values should be used: 

first metal =8 urn/ grid 
second metal =10 um/grid 

If the "+STATE" output of all latches was the output of the driver 
gate of interest, the "+STATE 2" output should be considered the same 
as the same phase other output. 

Figure 6-4 shows the limitations of metal length on a chip. The 
driver gate of interest is a low power gate. The driver gate of 
interest has 1 same phase other output and 1 Rp . The receiver gate of 
interest has external "NOR" output. 




^ output pin 



{PULL DOWN .R6St$T0R) 
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Figure 6-4 . Limitations of Internal Net 
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Referring to Table 6-3 and using the following conditions, the length 
limitation would be calculated as follows: 

Sect ion First Metal Length Second Metal Length 



LI 400 um 600 urn 

L2 800 um 450 um 

L3 100 um 300 um 

L4 200 um 0 um 

L5 700 um 900 um 



LN = 2600 um (refer to table 6-3). 

Then the normalized wire length of each section is: 

LI = 400 + 2/3 x 600 = 800 um 
L2 = 800 + 2/3 x 450 = 1100 um 
L3 = 100 + 2/3 x 300 = 300 um 
L4 = 200 + 2/3 x 0 = 200 um 
L5 = 700 + 2/3 x 900 = 1300um 

2600 > 800 + (800+ 1100) + (800 + 1100 + 300) + 

(800 T 1100 + 300 + 200) + (800 + 300 + 200 + 1300) = 

3500 x KL + 5600 x KH + 4800 x KR = 2501.5 

Therefore, this example satisfies the length limitation. 



6.4.1 Limitation of Wiring Length for External Emitter Followers 

Total wire length (LM3) from the macro output port of the high power 
external gate to the base port of the external emitter follower should 
be as follows: 

ESTATE" output macros 32, 31, 3399, 3199,3299 = LM3 < 2 mm 
other outputs = LM3 < 4 mm 



6.5 CHIP POWER DISSIPATION 

The normal power dissipation of each circuit element is tabulated in 
tables 6-4 and 6-5. 



6.5.1 Power Consumption of MB12K LSI Chip 

Table 6-5 shows the power consumption of a current switch. Unused 
gates consume no power. The value of the table includes the power 
consumption of the on-chip net for Macros 2399, 32, 31, 3399, 3199 and 
3299. 
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Table 6-4. Nominal Power Dissipation (Milliwatts) 



DESCRIPTION 


TYPE 


LOW POWER 
VIL/VOL VIH/VOH 


HIGH POWER 
VIL/VOL VIH/VOH 


CURRENT 
SWITCH 


NORMAL 


1.78/2.37 


5.76/7.66 




2.6 


6.3 


MACRO 42 (BD) 




17.75/21.9 


MACRO 43 (MD) 




11.5/15.3 


INTERNAL EF 


W/ 9 Pit 1 1 DnwTi 

2K ohms 


3.24/4.68 


W/ 1 Pn 1 1 Dnwn 

11 / x X U x 1 JL/UWIl 

4K ohms 


1.71/2.43 


EXTERNAL EF 
90 ohms TERM 






5.9/10.9 


BIAS DRIVER 
for V 




3.4 


6.6 


BIAS DRIVER 
for V * 




1.5 


2.9 


*Each Macro. 



6.5.2 Internal EF ( Pf nt ,ef ) 

Table 6-5 shows the power consumption of internal EFs . In EF dotting, 
despite the number dotted, every dot consumes 4.18 mW. The EF power 
consumption of Macro 3299 -CLOCK output and -PSTATE output are 
included in the CS. Unused EFs consume no power. 



6.5.3 External EF ( P ext#ef ) 

Despite the number of EFs dotted, every dot consumes 8.3 mW. Macro 42 
consumes 16.6 mW because of its two 90 ohm terminations. 



6.5.4 Bias Driver ( P fad ) 

The circuit to generate Vref and the circuit to generate Vcd, used for 
collector dotted macros, are the two types of Bias Drivers used. 
Every full macro includes both kinds of Bias Drivers. When the full 
macro uses one or more gates, it consumes 3.35 mW (in low power macro ) 
or 6.62 mW (in high power macro). If Macros 11, 0299, 0199, 3299, 10, 
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Table 6-5. Power Consumption of 580 LSI 





CS 


EF 


MACRO 


Low Power 


High Power 


Internal 


External 


8 


1.98 mW 


6.37 mW 






21 










02 










05 










04 






2.09/4. 18 




11 


3.96 


12.74 






0299 


5.94 


19. lllRp/2Rp 






0199 


7.92 


25.48 






10 


3.96 


12.74 


4. 18 




12 


3.96 


12.74 


2.09/4.18 


8.3 mW 


13 


5.26 


12.74 


4. 18 




13 


5.26 


12.74 






32 


8. 14 


16.92 






31 


6.05 


14.83 






3399 


14.19 


31.75 


2.09/4. 18 




3199 


14.19 


31.75 






3299 


10.01 


27.57 






2399 


26.73 




4. 18 




21 


1.98 




4.18 (+Clock) 




42 




18.5 




16.6 


43 




12.74 


2.09/4.18 


8.3 


10 


3.96 


12.74 


2.09/4.188.3 




23 


14.52 




4.18 (+Clock) 
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13 or 12 are included in the full macro, 1.40 mW ( in low power macro) 
or 2.88 mW (in high power macro) should be added to the power consump- 
tion. Bias Drivers of unused full macros consume no power. 



6.5.5 Power Consumption Computation of 580 LSI 

The typical power consumption of 580 LSI is calculated by using the 

following equation: 

P ltyp = P c3 + P intef + . P extef + ?bd 
The current consumption of 580 LSI is calculated by the following 
express ions : 



-3.6 V Current 

r ltyp = r ltyp 



Iltvn (-3.6) = P ltvn (mW) - P extef (mW) 

3.6 (V) (mA) 



Ground Current : 



I 1tvn (GND) =» I Itvn (-3.6) + P ext.ef ( m W) 
ltyp ltyp Z 1.067 (V) (mA) 

6.5.6 Max/Min Power Consumption of an LSI Chip 

Max/Min power consumption and Max/Min current of an LSI chip are cal- 
culated by the following equations: 

P lmax/min = p Ityp * ( 1 
^max/min = ! ltyp * U.+-M) 



~lM 



6 . 6 R-PACK POWER CONSUMPTION 



R-pack consists of 24 90 ohm resistors to -2V. It is used for termi- 
nating nets on MCCs . When a termination resistor isn't used, it 
doesn't consume any power. Each terminator that is used consumes 7.06 
mWatts (7.68 in mAmps). When all 24 terminators are used, the R-pack 
dissipation is 169. 4 mWatts (184.3 in mAmps). If a terminator is used 
as an unused LSI input tie-down (no outputs), then it can be consid- 
ered to dissipate no power. 
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For max/min power consumption and current of R-pack use the following 
equat i ons : 



rmax/min ~ r rtyp 
^rmax/min = *rtyp 



* (1 + 30) 

""100 

* (1 + 20) 

"100 



6.7 NOMINAL CHIP POWER DISSIPATION CALCULATION EXAMPLE 

The power dissipation of a basic gate circuit can be calculated as 
shown in table 6-6. 

Table 6-6. Nominal Power Dissipation with One Pull Down Resistor 



DEVICE 



POWER 



Low Power NOR (OR) 

High Power Internal NOR (OR) 

High Power External NOR (OR) 



4.9 mw 
10. 1 mw 
15.5 mw 



The nominal power dissipation of a 400 gate chip 
(1 Rp/gate) is calculated as follows: 



288 
82 
30 



Low Power Internal 

4.9 mw x 288 = 1411 mw 

High Power Internal 

10.1 mw x 82 = 828 mw 

High Power External 

15.5 mw x 30 = 465 mw 



2704 mw (Total ) 



6.8 CHIP DESIGN RESTRICTIONS 

Emitter follower restrictions are explained in the following para- 
graphs . 
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6.8.1 Simultaneous Emitter Follower Switching 

Due to on-chip inductance and other noise margin considerations, the 
number of EFs that switch at the same time must be limited. This lim- 
itation is also dependent on their location on the chip. Table 6-7 
provides the limitations. 



6.8.2 Skewing EF Switching 

By skewing in time, the number of EFs on a chip that can be switched 
increases as shown in figure 6-5. Cases A and B are from table 6-7. 

Refer to table 6-8 to determine the EF switching case. 

6.8.3 Exceptions to Simultaneous EF Switching Rules 

A large number of simultaneous switching emitter followers will cause 
a glitch on the quiet output lines of a chip. The limit to 18/36 
simultaneous switching EF ensures that the glitch stays below a toler- 
able magnitude. In some applications, however, it may be possible to 
live with a larger glitch. Following is a list of conditions when 
exceeding the 18/36 limit may be considered: 

1. No latch on the chip. 

2. Quiet lines cannot be a clock, set/rest term of latch, RAM 
Address , RAM WE. 

3. Enough time must be available in the path from the quiet line 
to the next latch level such that the glitch subsides at the 
latch before the clock. 

NOTE 

The ASAP delay program will not be able 
to take the glitch into account. 

For delay calculations, it can be assumed that the glitch dies down no 
later than 700 psec after the last of the simultaneous switching EF 
has swi t ched . 

6.8.4 Additional Delay 

An additional delay per output for simultaneous EFs' switching of 10 
psec per output must be added. 
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Table 6-7. Simultaneous EF Switching Limitations 



CASE 



CIRCUIT TYPE ON LSI 



MAXIMUM # OF EF 



EF LOCATION 



MEMORY DRIVER 
(Driving RAM input) 
ASYNCHRONOUS DRIVER 
(SET, RESET, SCAN IN) 



18 



4 
5 



5 
4 



B 



NORMAL 



36 



9 
9 



9 
9 



To insure that no more than 9 EFs get placed by the router in 
one quadrant, the designer needs to make a physical assign- 
ment for EFs and the associated Chip I/Os using the physical 
extension of DRL. 

Macro 42, when terminated in 45 ohms (two 90 ohm termina- 
tors), is counted as 2 emitter followers. 

Macro 43, when terminated in 90 ohms, is counted as 1 emitter 
follower. Up to 36 Macro 43s may switch simultaneously if 
none of the macros drive a RAM or asynchronous input . 
A dot of several emitter followers terminated in a single 90 
ohm terminator counts as a single EF. 

Opposite phases of these EFs driving off-chip will practi- 
cally compensate the simultaneous switching effect. Use the 
following NA formula to determine the allowable maximum of 
simultaneous EF switching. 



Where: N s (1 + ^ns) + N D (1 

= allowable number of EFs switching in the same direction 
within the skew of tl. 

Ng s 36 for normal gates; 18 for Macro 43' s driving RAMs , 
asynchronous set, rest, scan in. 

= number of pairs of EF switching in opposite direction 
within the max skew of t2. 

At2 = .22 for macro 43; .14 for normal gate. 

a t^ = 0 ( in general ) 
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CASE B 



CASE A 



A02507 



Figure 6-5. EF Switching Skew 
Table 6-8 . Simultaneous EF Switching Case Determination 



DRIVER TYPE 


INPUT TYPE 


CASE (LIMIT) 


Macro 43 (OR output) 


RAM 


A (18) 


Macro 43 (NOR output) 


RAM 


Not Al 1 owed 


Macro 43 


Asynchronous 


A (18) 


Macro 43 


No rma 1 * 


B (36) 


Other** 


RAM 


Not Allowed 


Other** 


Asynchronous 


A (18) 


Other** 


No rma 1 * 


B (36) 


* Normal = any but RAM or Asynchronous 
** Other = any but Macro 43 
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CHAPTER 7 - LATCH RESTRICTIONS 



7 . 1 GENERAL 

Macros 31, 32, 3199, 3299, and 3399 are latch macros. Refer to fig- 
ures 7-1 thru 7-5 for schematics and logic diagrams. Latches should 
not be made from other macros. Each latch macro has sample and hold 
inputs. Only skewed drivers, Macros 21 and 22, should be used to 
drive latch sample and hold inputs. On any single latch, all sample 
and hold inputs should be driven by the same skewed driver gate. 
Skewed driver (SD) outputs should not be dotted. The fan out of the 
skewed driver sample and hold outputs should be equalized, with a max- 
imum fan out of five bases. 

A re-entry net, a chip output which has loads on-chip as well as off- 
chip, should not be used as a latch input. 

The latch feedback net, IPFB, needs two 4K pulldowns to drive other 
gates . 




Figure 7-1. Macro 31 In-Phase Latch 
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Figure 7-2. Macro 32 Out-of-Phase Latch 
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RC1 > RC2 . 




iREF 



9 



REF , 
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RC2 4 
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REFL 

RE> REF > $ REF RE ' 
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RE * 



EE 
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• (2) +SN0P 
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Figure 7-3. Macro 3199 Out-of-Phase Latch 
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(1M) J/0 Port Number 

* Optional Pulldown resistor (4K) 

** Optional Metal 
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Figure 7-4. Macro 3299 In~Fhase Latch 
7-4 LSI Circuit Manual 



AMDAHL COMPANY PRIVATE 



RC1 > RC2 ^ 



RC2< 




1 

I I 



[REF 



REF, 



REF 4 






►REF 



© 

Rp<«) 



REFL 

RE> REF> >REF RE, 




EE 



tf cc 



> RC2 



RC2 « 



►RC1 




I REF> > REF 




REF 



' REF 



V CC 



*SIPL (15). 
*D1 (16) ' 



- CH (21) • 



55 



-S1PH (10) . 

- SNA! (8) • 

- SNA2 (9) " 



. (13) *IP 
• (24) *OP 
' (1) *IPFB 



•(23) *02(BI) 



■<2) + SNOP 



(N) I/O Port Number 

* Optional Pulldown resistor (4K) 

** Optional Metal 

A02515 



Figure 7-5. Macro 3399 Out-of~Phase Latch 
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7.2 SKEWED CLOCK DRIVER 



A skewed clock driver is designed to minimize the noise problem on 
latch outputs. Macro M21 and Macro M22 are designed as a skewed clock 
driver. A skewed driver must be located in a low power cell. Refer 
to figures 7-6 and 7-7. 




V CC <GND) 



1.35K 



> 2.38K 



HOLD 




4K < 



4K 



3.03K 



4K , 



V gE <-3.6V) 6 



SAMPLE 



' 4K 



Figure 7-6. Skewed Clock Driver Schematic 



CLOCK IN 



SAMPLE 



\ r 



HOLD 



OUTPUT OF LATCH 



/ 



\ / 



SKEW 



X 



/ \ GLITCH NOISE 
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Figure 7-7. Skewed Driver (SD) Signal Waveform 
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7.3 IN-PHASE LATCH RESTRICTIONS 

All in-phase latches (Macros 31 and 3299) must adhere to the following 
restrict! ons : 

1. Fan out of latch feedback net, IPFB, should not exceed two, not 
including the intra macro loads. 

2. The out-of-phase (0OUT) output of the in-phase latch (Macros 31 
and 3299) must be buffered when driving off-chip. 

3. The out-of-phase output of an in-phase latch glitches when the 
clock sample and hold lines switch. There is a glitch generated 
by the leading edge of the clock as well as by the trailing 
edge . 

When the following equation cannot be met, leading edge glitch occurs. 

(T SAMPLE (DN0IN) + T DATA1 ( UP0OUT ) ) - 

( T HOLD (DN0OUT) + T LATCH1 (DN0OUT))< 0 psec 

When the following equation cannot be met, trailing edge glitch 
occurs. 

(TSAMPLE (UPJ9IN) + T DATA1 (DN0OUT))- 

( T HOLD (DN0OUT) + T LATCH1 ( UP0OUT ) ■) > 100 psec 



7.3.1 Glitches 

Asynchronous set or reset signals and signals which control clocks or 
write strobes cannot tolerate any glitches. The leading edge glitch 
is in general no problem. The trailing edge glitch must be avoided. 
The trailing edge glitch can occur as late as a full clock width (3.5 
nsec) after the data switches. Therefore, an allowance of 3.5 nsec 
delay must be made when timing out the paths driven by the out-of- 
phase outputs of an in-phase latch. The in-phase output (J2(IN) of the 
in-phase latch equation for glitch free operations follows (refer to 
figure 7-8) . 

Clock trailing edge glitch suppression equation: 
(T SAMPLE (UP0IN) + T DATA2 (UP0IN) ) - 
( T H0LD (DN0OUT) + T LATCH2 (DN0IN))> 0 psec 
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Clock leading edge glitch equation: 

( T SAMPLE (DN0IN) 4- T DATA2 (DN0IN) ) - 

( T HOLD (UP0OUT) + T LATCH2 (UP0IN))< 0 psec 
Collector dot saturation check for Macro 31 only: 

( T S AMPLE (DN0IN) + T DATA2 (DN0IN)) - 

( T HOLD (UP0OUT) + T LATCH2 (UP0IN))> Tl 

( T SAMPLE (UP0IN) + T DATA2 (UP0IN)) - 
( T HOLD (DN0OUT) + T LATCH2 (DN0IN) ) < T2 
where : 

Tl = -800 psec ( low power ) or -500 psec (high power ) 
T2 « 800 psec (low power) or 500 psec (high power ) 



DATA- 



~CLK 



SAMPLE" 




O SO 



1 HOLD" 



DATA2" 



DATA1 " 



DATA 1 
GATE. 



LATCH2 




"OUT 
*OP 



o m2 *\P 
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Figure 7-8 . In-Phase Latch Path Def ini t ions 
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Clock pulse width check. Refer to figure 7-9. 
( T WCLK + T HOLD (DN0OUT) ) - 

( T HOLD (UP0OUT) + T LATCH (UP0IN) ) > 300 psec 

( T WCLK + T SAMPLE (UP0IN) + T DATA1 (DN0IN) ) - 
( T SAMPLE (DN0IN) + ^ LATCH (DN0OUT)) > T SKEW + 200 psec 

Setup time check for In-Phase latches: 
To set up data "Vqjj" : 

( T WCLK + T HOLD (DN0OUT) ) - 

(T SAMPLE (DN0IN) + T DATA (UP0IN) ) > T SKEW + 300 psec 



DATA 
-CLK 



SAMPLE 



HOLD 



J 



\ 



' UPHOLD 



\ 



DATA GATE OUTPUT 



T DNLATCH 



•WCLK 



' DNSAMPLE 



I S ^J~\ 



T DNHOLD 



UPOATA1 " 



WCLK 



LATCH GATE OUTPUT 



UPF81 



FEEDBACK LOOP 



DNFB 



1 UPSaMPLE 



' SETUP1 



J \ 



\ T DNOATA1 / ^ £ 

/ 



T UPLATCH 



' SETUP2 



UPDATA2 



r 



' UPFB2 



I 



\ 



Figure 7-9. In-Phase Latch Timing Diagrams 
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To set up data "Vq L " : 

(TfCLK + T SAMPLE (UP0IN) > T DATA (UP0IN) ) - 

(T SAMPLE (DN0IN) + TDATA (DN0IN) + T LATCH (DN0IN) ) 

> T SKEW + 200 psec 

7.4 OUT-OF-PHASE LATCH RESTRICTIONS 

The following restrictions apply to out-of-phase latches (Macros 32 
and 3199) : 

1. Data Gate Emitter Follower Dot < 8. 

2. All data gates of the same latch must be driven from the same 
sample output. 

3. No dotting is allowed to latch feedback paths. 

4. Fan outs of the sum of D3 and IPFB must not exceed two, includ- 
ing the intra macro loads. 

5. The following equations insure that there are no glitches due to 
the clock edges . 

For the trailing edge of the clock: 

( T SAMPLE (UP0IN) + T DATA ( DN0OUT ) ) - 

( T HOLD (DN0OUT) + T LATCH ( UP0OUT ) ) > 100 psec 
For the clock's leading edge glitch: 

( T S AMPLE (DN0IN) + T DATA ( UP0OUT ) ) - 

( T H0LD (UP0OUT) + T LATCH ( DN0OUT ) ) < 0 psec 

Refer to figure 7-10 for out-of-phase path definitions and fig- 
ure 7-11 for out-of-phase latch timing. 

6. The following equations are to ensure that the clock pulse width 
^WCLK^ * s w ^ e enough to ensure that the latch will work. 

( T WCLK + T HOLD (DN0OUT) ) - 

( T HOLD (UP0OUT) + ^ LATCH ( DN0OUT ) + T FB1 (UPJZfOUT) ) £ 300 psec 
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Figure 7-10. Out-of-Phase Latch Path Definitions 

( T WCLK + ^ SAMPLE (UP0IN) + T DATA1 (DN0OUT) ) - 
( T S AMPLE (DN0IN) + T DATA1 (UP0OUT) + T FB (DN0OUT) 
T LATCH (UP0OUT) ) > T SKEW + 300 psec 
where : 

^FB Delay from the Data Gate Output to the Feedback Loop. 

T FB1 Delay from the Latch Gate Output to the Feedback 
Loop . 

T DATA1 Sample to Data Gate Output delay. 

The data input must remain unchanged during the time interval 
before the positive transition of the clock. This time interval 
is called the data setup t ime , and Tgjg^yr is the clock skew. 

For data switching from a m Vql" to "^OH" : 

( T WCLK + T H0LD (DN0OUT) ) - ( T SAMPLE (DN0IN) + 

T DATA (DN0OUT) + T FB (UP0OUT) > T SKEW + 300 psec 
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QATA GATE OUTPUT « 



LATCH GATE OUTPUT- 




PEE08ACK (.OOP 



« 'ONOATA1 .1 



I 



Figure 7-11. Out -of -Phase Latch Timing Diagram 

For setting up a "Vol" on the data input: 

( T WCLK + T SAMPLE (UP0IN) + T DATA (DN0OUT)) - 
(TSAMPLE (DN0IN) + T DATA (UP0OUT) + T FB (DN0OUT) + 
T LATCH ( UP0OUT ) ) > T SKEW + 300 psec 

7.5 MASTER-SLAVE LATCHES 

As a rule, use the in-phase output of an in-phase master latcHT to 
drive the slave data input. Both master and slave clock should be 
derived from a clock entering on the same chip pin. When an out-of- 
phase output of a master latch is used to drive the slave, there is a 
possibility that- the leading edge glitch races into the slave. If 
such an arrangement is implemented, then the master and slave paths 
have to be timed out to avoid this problem. Each designer must insure 
that master-slave latches do not race. The following race analysis is 
intended for race conditions between the master and slave, and race 
conditions between the slave and its target latch. The master to 
slave ""analysis" is done on the leading edge of the c lock" pUl s*e while 
the slave to target latch anaylsis is done on the trailing edge of the 
clock. 
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7 . 5 . 1 Out-of-Phase Master/Slave Latch Restrictions „ 

Both master and slave latches must satisfy the latch restrictions. 
Refer to figures 7-12, 7-13 and the following restrictions. 

To prevent a race condition between the master and slave: 

T MS (DN0IN) + TDATA (UP0OUT) + T INV (DN0OUT) > 

T MH (UP0OUT) + T SS (UP0IN) + 100 psec 
To prevent a race condition between the slave and the target: 

T CLK1 (UP0IN) + T MH (DN0OUT) + T SS (DN0IN) + T SLAVE > 

T CLK2 (UP0IN) t T TNS (UP0IN) + 100 psec 

where: 

^ SLAVE = T SLAVE (UP0OUT) or' T SLAVE (DNjZflN) 

T CLK1 (UP0IN) = T CLK2 (UP0IN) (Only if both the slave and target 

master latches use the same clock driver.) 
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Figure 7-12. Out-of-Phase Master/Slave Latch 
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7.5.2 In-Phase Master/Slave Latch Restrictions 
Refer to figures 2-12 and 3-1. 

To prevent a race condition between the master and slave: 
T CLK1 (DN0IN) + T MS (DN0IN) + T MASTER OUTPUT > 
T CLK1 (UP0OUT) + T SS (UP0IN) + 100 psec 
where: 

T MASTER = T MASTER OUTPUT (UP0OUT) or ^ MASTER OUTPUT ( DN0IN) 
To prevent a race condition between the slave and the target master 
TcLKl (DNJ30UT) risS (DNjZfIN) + T SLAVE > 
TCLK2 (UP0IN) + ^rNSlUP0IN) + "l00 psec 



where : 



T SLAVE= T SLAVE (W0OUTT or T SLAVE (DN0IN) 
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Figure 7-13. Out-of-Phase Master/Slave Latch Timing Diagram 
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Figure 7-14. In-Phase Master/Slave Latch" 
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